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FOREWORD

On 13 and 14 June 1956 & "Propellants Seminar" was held under the
sponsorship of the Working Group on Propellants and Fuel Additives of
the Economic Defense Intelligence Committee (EDIC). The purpose of the
seminar was to establish in this highly strategic and rapidly developing
fuels field a common. basis of technical knowledge for, and to promote the
mutual appreciation of the informational requirements of, technicians,
intelligence officers, and action-agency representatives concerned with
intelligence support activities for the US economic defense program.

25X1A5a1

The following report consists of a tape-recorded trenscript of the
first day's proceedings, which were devoted to liquid fuels, and a tran-
script of those portions of the second day's lectures
D and E, that were not previous

A

25X1A5a1

25X1A5a1

The presen-
tation on solid propellant technology as transcribed in this report
was made by a member of the staff of the Air Technical Intelligence
Center. The classification of the seminar was SECRET/NOFORN to afford
an opportunity to handle all evailable information, although many in-
dividual items were of a lower classification. All of the speakers at
the seminar have reviewed the literal transcript of their remarks and
have approved the present report.

The reaction to the seminar of participants from the intelligence
community and action agencies seems to speak strongly for other EDIC
working groups with similar exploratory assignments to schedule similar
initial information sessions when novel and complicated technical develop-
ments are involved.

As regards the timeliness of the Propellants Seminar, it should be
noted that the presentations covered, among other things, information
developed in support of the US delegation as background for negotiations
which resulted, in the fall of 1956, in the embargo to the Soviet Bloe

of boron materials by COCOM perticipating countries, the only major
embargo action in COCOM since 195k.

1 March 1957
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LIQUID PROPELIANTS

I. Introduction.

A. Definitions.

I will define some of the elements that we are going to talk
about. I will quote from Sutton* first, and then I will try to simplify
this. According to Sutton a rocket is a means of jet propulsion, and
Jet propulsion is a means of locomotion whereby a reaction is imparted
to a device by the momentum of ejected matter.

There are two types of jet propulsion with which we are pri-
marily concerned. One is the rocket, and the other is the ducted jet.
The major difference in principle is that the rocket carries all of
its energy self-contalned in the sense that its oxidizer is a part of
the unit, whereas in the ducted Jjets air is utilized for oxidation.
Now, a propellant can be a fuel or an oxidizer. They are the materials
that provide the energy which propels the device.

The full interest in rockets, of course, develops out of their
ability to move at high speed which, in turn, requires that the rate
of expenditure of energy be high. I make these remarks simply by way
of orientation for background for those of you who may not have thought
about it.

I have some slides here which show some of the basic types of
Jet-propelled devices.** Figure 1 is a dilagram of a pulsejet. It is
similar to a rocket, as you will see later, except that the oxidizer,
in this case air, passes into the chamber from the front end (the
direction of motion being to the left) through the valve which inter-
mittently closes. When it is closed, fuel is injected and burned in
a chamber that is closed at the front end, as with a rocket. The
valve would then open, the air would sweep out the chamber, and the
cycle would be repeated.

Figure 2 is a diagram of a ramjet. Again this is similar,
except that there is no valve in the front end; it is always open.

* Sutton, G.P., Rocket Propulsion Elements, John Wiley and Sons,
Inc., New York, 1949.

*% A1l illustrations (Figures 1 through 15) are to be found in
Appendix B, p. 59, below.

$3-E-C-R-E-T
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‘ This device depends on having achieved a certailn velocity in flight, so
that the forward motion (to the left again) tends to compress the air
which then passes back, mixed with the fuel. Combustion occurs, and the
missile is propelled.

| Figure 3 shows a turbojet, which is similar to the ramjet except

| that a turbine driven by the combustion products is connected by a shaft

i to & compressor, so that, as combustion occurs, the shaft rotates the

compressor. This compresses the air, which is pulled in througﬁ the

i front end. The msjor advantage of this device is that, with the com-
pressor, there is no need to achieve a particular velocity before effi-
cient performance is obtained from this device. This shaft can be
extended further and a propeller placed on it, making a turbopr¢p engine.

Finally, in Figure 4 we have the rocket, and, as you caq see,
there is no opening in the front end. The materials that react are
contained within the rocket, and the combustion products pass out the
rear. The reaction of the Pombustion and the passage of the gases out
through the back drive the rocket forward.

Figure 5 provides a general idea of the size and shape of a
combustion chamber. In this case, the fuel enters at the upper left
and the oxidizer at the lower left. They are mixed at the left | side
of the combustion chamber; combustion occurs. There is & nozzle con-
striction at the outlet to increase the pressure within the combustion
chamber. The gases then expand through the nozzle and pass out|to the
right (the direction of motion being to the left).

Figure 6 shows a V-2 motor, a German development during World
War II, which was one of the first operational rockets of this type.

1 Figure 7 is a schematic diagram of a pressurized bipropéllant

§ rocket system. Gas contained under pressure in the center vessel is

1 fed into a fuel tank on the left and an oxidizer tank on the right.

The pressure of the gas drives the two fluids through the contr¢l valves

into the rocket motor. i
Figure 8 shows essentially the same thing except that instead

of using & pressurized gas the propellants are moved by a pump which,

-2 -
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in turn, is driven by a turbine. The turbine is powered by using a
portion of the rocket propellants or a special propellant for that
purpose.

An important design variable in a rocket motor is the
injection system whereby the fuel and oxidizer are introduced into
the combustion chamber and mixed. Nine different types of injection
and mixing devices are shown schemetically in Figure 9.

Because of the short life of most structural materials in
contact with the propellants and combustion products at combustion
chember temperatures, it is desirable to keep the walle of the
combustion chamber as cool as possible. A schematic diagram of such

& cooled-wall chamber is shown in Figure 10. The coolant may be one of

the propellants, in which case the energy removed by the coolant is

later recovered as the propellant is burned. This is called "regenera-

tive coaling."

B. Criteria for Selecting a Rocket Propellant.

In the previous section a description of the manner in
which rocket motors operate was given. In general, the method of
operation can be stated concisely as follows. Liquid propellants R
either a monopropellant or an oxidizer-fuel combination, are fed
under pressure through an injector into the combustion chamber.

In the combustion chamber the propellants combine chemically in the
case of a fuel-oxidizer combination or decompose in the case of the
monopropellants. The net effect is to produce hot combustion gas
under pressure. These pressurized combustion gases then expand
through the nozzle. Thrust is produced by the force developed in
accelerating these gases to a high velocity.

The performance of a rocket vehicle » of course, depends
on things other than the performence of the rocket motor or rocket
propellant system itself. The performance also depends on the
ability of the vehicle designers to design an efficient, light-weight
structure and upon the amount of payload that the rocket vehicle must
carry.

- 3 -
S«E~C~R-E-T
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In comparing the performance of various rocket propellbnt
systems, it has proved convenient to have some numerical criterion
of performance. This criterion is called "gpecific impulse." |
Specific impulse, in simple terms, is the number of pounds of force
developed per pound of propellant burned per second. The rocket
designer is interested in having a high value of specifie impu'p.se ’
gince this means more efficient utilization of the propellants which
the rocket carries. The mathematical expression for specifie |impulse
is as follows: ‘

I,- KV y F

|

Te i

i

<] !

where I = specific impulse, 1b force-sec/1b mass (often sta.tﬁd sec)

K = a numerical constant of appropriate units g

T, = absolute temperature of combustion products in i
chamber before expansion, R '

i
M = sverage molecular weight of exhaust products, lb,’méle

a variable which is a function of the exhaust prod\icts,
temperature level, and expansion ratio |

Hf
"

1t is obvious from inspection of this equation that the important
veriables will be the absolute chamber temperature, T, and the

average moleculer weight, M, of the exhaust products. F is a function
of the composition of the exhaust gases, their temperature level, and
the expansion ratio for the rocket nozzle. It is a relativeljr weak
function and is approximately the same for all propellant systems
operating at the same chember pressure. The chamber tempersture, T,,
appears in the numerator, and so a high value is desirable. ‘I;C depends
primarily on the heat of combustion of the rocket propellants, so that
propellancs having high values for the heat of combustion arre jrequired..
Since the average molecular weight, M, appears in the denominator, &
low value for this quantity is needed. Compounds made up of elements
having low atomic weights are desirable as rocket propellants, gince
this meens that the exhaust products generated will have low average
molecular weights.

-4
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Thus desirasble liquid rocket propellants, either fuel plus
oxidizer or monopropellants, will nave the properties of high heats of
combustion (or decomposition in the case of monopropellants) and be
composed of elements having low atomic weights.

Unfortunately, propellants having high specific impulses must
also have other desirable properties if they are to be used in rocket-
propelled vehicles. This can best be explained by considering the
factors which affect the range of a rocket-propelled vehicle. An
approximate equation for the range of a rocket vehicle is as follows:

seen 8
Ryax = 128 + In .

where Rpyay = meximum range, ft

Ig = specific impulse 1lb force-sec/lb mass

g = acceleration of gravity, ft/sec?

Wo = mass of rocket at launching, lb M

W, = mass of rocket after fuel is expended, 1lb M
This equation is only approximate and can be greatly in error for
long ranges on curved surfaces which, of course, are of concern to
us since the surface of the earth is curved. However, an inspection
of the variables in the equation will provide a great deal of insight
into the problems of rocket design.

For all other things equal, the range of any vehicle will be
proportional to the square of the specific impulse. For example, a
missile using a propellant system having a specific impulse of 300
will have over twice the range of one using a system with a specific

impulse of 200. This further illustrates the importance of specific
impulse as a criterion for a propellant system.

-5 -
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The mass of propellant which is carried in a rocket is ﬁhe
difference between the mass of the rocket at launching and the mass
of the rocket after fuel is expended -- that 1s, Wo -~ Wb. An iﬁcrease
in the amount of fuel contained in a rocket vehicle decreases tHe ratio
Wp over W, and increases the maximum range. Consequently, the rocket
designer is always trying to increase the mass of the rocket ;robellant
which can be carried. However, he has certain limitations, since Wb
must include the mass of the payload, the structures, the tanks,}as well
as the rocket engine and any auxiliary equipment. Any guldance or control
equipment is also included as a part of Wy. To minimize Wo s much inge-
nuity must be exercised by the rocket designer. To assist him ih this,
propellants should be compact. Consequently, we find that high Bensity
is an important consideration. Also, propellants which have low!vapor
pressures, thereby requiring thinner tank walls, and those which are
liquid at ambient temperatures, thus requiring no insulation, aré the
most desirable. Unfortunately, most propellants which produce low mole-
cular weight exhaust products heve a low density or are not liquids at
ambient temperatures.

Figure 11 summarizes the desirable properties for propellants.
Most of these desirable properties are ones which are obvious from the
present discussion or from commonsense considerations. Others such as
item 12 are necessary for engineering design purposes or for combatibility
with missile guidance component operation (item 13). Safety (items 6
and 10) is another important criterion. Further consideration of these
points will be given in later sectione where specific propellanté are
discussed.

In summary, then, the desirable properties of liquid rocket
propellants are: high heat of combustion (or decomposition), low
molecular welght exhaust products, high liquid density, low vapor pres-
sure, and a high boiling point. The criteria of high heat of combustion
and low molecular weight exhaust producte are usually not considéred in-
dividually but are considered in combination as expressed in tae|  spe-
cific impulse relation. }

-6 -
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II. Monopropellants.

A monopropellant is a material which may, under appropriate condi-
tions, undergo a self-sustaining exothermic (energy-releasing) reaction.
Because of the inherent thermodynamic instability of monopropellants,
the tendency toward decomposition is always present. The problems con-
cerning the most efficient use of monopropellants, therefore, involve
close control of the energy-producing decomposition reactions. Such close
control must be manifested not only during the actual application to ob-
tain the highest useful energy yield and conversion, but also in the han-
dling, storage, and other treatments prior to actual use. It may be seen,
then, that the use of a monopropellant for any particular purpose involves
a close balancing of many dlverse factors. Some of these factors are
shown in Figure 12.

Of course it must be realized that for any desired application,
certain monopropellant characteristics will be relatively more important
than others. TFor example, for gas generators (a major monopropellant
application) the monopropellant should give low reaction temperatures
(lBOOoF) and an exhaust stream free of solid particles. It is necessary
that these criteria be met even at the expense of specific impulse.

Hence the wide apglication of monopropellant hydrogen peroxide (chamber
temperature, 1360°F, and specific impulse, 132 lb—sec/lb) to gas genera-
tors. On the other hand, for ram-rocket applications the monopropellant
should give a high specific impulse in order to provide the necessary
thrust during acceleration. In addition, the rocket exhaust must possess
sufficient chemical energy (high heat of combustion) to act as a fuel
source during the ramjet stage of flight operation, with a minimum volume
of air for combustion. Thus the interest in methyl-acetylene (specific
impulse, 190 lb-sec/l1b and C + H exhaust products) for ram rockets. From
these examples, it is obvious that no single monopropellant can meet the
requirements for all conceivable monopropellant applications. Figures

12 and 13 show the monopropellants that have received most consideration
in terms of acutal use, past research and development effort, and future
interest.

A. Hydrogen Peroxide.

Hydrogen peroxide has one of the longest histories of the
liquid propellants. Before World War II, considerable development work
had been done on hydrogen peroxide in Germany. By 1938 the Germans were
producing concentrated hydrogen peroxide, which they used in a variely
of weapons during the war, including the first operational piloted rocket

-7 -
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airplane ever flown, the Messerschmitt, Me 163. Following the ﬁar,
production of concentrated hydrogen peroxide in Germany was banﬁed as
one of the provisions of the Allied Control Commission to reguléte the
military potential of defeated Germany. A great deal of work, however,
has been carried on and expanded in both England and the United%States.

Monopropellant hydrogen peroxide has been used for gas éenerators
in large rockets, for submarine and torpedo propulsion, for rocket assist
takeoff units, and as a source of auxiliary power for helicopters.

Some of the major ressons for its use as a monopropellant are
as follows: (1) simplicity of the monopropellant system, (2) ease with
which it can be catalytically decomposed into oxygen and steam, and
(3) reliability of operation. |

1. Physical Properties.

Formulas HyO, and HyOp + HyO. Molecular weight 3&.;

Hydrogen peroxide solutions ranging from 50 to 100 percent by weight
are of interest in propulsion applications. Ninety percent peroxide
and 76 percent peroxide have received major consideration: 90 percent
ag an oxidizer and rocket propellant and T6 percent for gas generator
applications. Ninety percent hydrogen peroxide has the advantage of

a higher specific impulse and s higher density, but the disadvantage
of a higher freezing point. Seventy-six percent peroxide has a [lower
freezing point and a lower flame temperature, which are quite important
for gas turbine applications. Some of the more important properties

of these solutions are given below:

90 Percent H,0p 76 Percent Hebe
Freezing point 12°F -23°F
Boiling point 284°F 266°F
Density, 1liquid 1.k g/cu cm at 68°F 1.3 g/cu cm at 58§F
Vapor pressure Negligible Negligible
Energy of
decomposition ca. 23 kilo-cal/g mole ca. 23 kilo-cal/g mole
.8 - |
S5-E-C-R-E-T i
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2. Performance.

a. Monopropellant.

Chamber Specific Density Chamber
Pressure, Impulse, Impulse, Temperature,
H,0, P, psia I, lb-sec/1b I T., ¥
90 percent 300 132 190 1,360
75 percent 300 105 138 690

As a monopropellant, hydrogen peroxide requires a
decomposition catalyst. In the past, calcium permanganate solutions
have been used as well as catalyst stones (high-temperature treated
cement stones incorporating manganese, chromium, and lead). The present
emphasis in this country is od the development of silver screen catalysts.

. Bipropellant.

(1) Comparison with Different Fuels.

Chamber Specific Density Chamber
Pressure, Impulse, Impulse, Temperature,
99.6 Hy0p P., psia I, lb-sec/lb I, Ty, °F
93 percent
EtOH 500 240 320 4,600
JP-k4 500 248 320 4,830
Hydrazine 500 265 325 4,690

(2) Comparison with Different Oxidizers.

Chamber Specific Density Chamber
Pressure, Impulse, Impulse, Temperature,

JP-L Pe» Psia I, lb-sec/lb I TC,OF

HoOp 500 248 320 4,830

RFNA 500 240 310 5,150

LOX 500 265 260 5,770

Hydrogen peroxide is a moderate performance oxidizer
but is not self-igniting with most fuels.

S-E-C-R-E-T
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3. Materials and Handling.

Uoncentrated hydrogen peroxide reacts vigorously on contact
with many inorgenic compounds such as potassium permanganste aﬁd ferrous
sulfate and with meany organic compounds such as hydrazine, carﬁonyls,
and phenolics. Its decomposition is catalyzed by many substanées, among
which are oxides of mangsnese, cobalt, lead, and silver; and by metals,
such as platinum, silver, lead, mercury, manganese, cobalt, and others.
However, in suitable containers free of contaminants, hydrogen |peroxide
can be kept for long periodg of time.

@. Materials Good for Long-Time Contact.

99.6 percent Al and 25 Aluminum Alloy

Polyethylene, Teflon, Kel-F

Fluorolubes, Kel-Flo Polymers, Perfluorolube Oils,
Hydrocarbon 0Oils

. Materials Good for Short-Time Contqgﬂ.

Aluminum 43, 528, 568, 61S, 638, 1508

Stainless Steels 303, 304, 309, 310, 316, 317, 318,
21, 322, 3&7

Durimet 20

Koroseal, Polystyrene, Vinylite, Reloform

rumps should be of self-priming centrifugal type made of
cast aluminum-alloy 43. Teflon packing and fluorolube lubricant should
be used. Tanks may be made of 99.6 percent aluminum, heliarc-welded
with pure aluminum. Tanks in missiles can be of collapsible plastic,
such as vinylite Vu 1930, if the peroxide is to be stored for only sa
few days. Polyethylene shows no change even after long exposuﬂe.
Spring-loaded check valves with Teflon pintle and packless bellpws
valves with Teflon disk which seats on SS 347 are in current usbge
Valves larger than 1 inch should be flanged.
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4. Passivation of Materials to Be Used with Hydrogen Peroxide.

Plastics can be prepared by scrubbing with a synthetic soap

solution. Aluminum should be: degreased by scrubbing with detergent, then

treated with dilute sodium hyriroxide (NaOH), then with sulfuric acid

(H,50),), and finally rinsed with distilled water. Stainless steel should
2RVl

be degreased and passivated with a nitric acid solution. All equipment
should be flushed (rinsed) with dilute hydrogen peroxide before placing
in concentrated peroxide service.

K

5. Stability.

If above precautions are followed, concentrated peroxide
solutions are quite stable at ambient temperatures. At temperatures

greater than 100YF, however, gdecomposition becomes more rapid. Hydrogen

peroxide is not sensitive to ishock.

The addition of gtabilizers is recommended for contrclling
trace impurities present in hydrogen peroxide solutions. Tin is added
as sodium stannate or hydrous stannous oxide to absorb heavy metsllic
ions. Phosphates are used ta complex heavy metal ions. These sta-
bilizers are added in the order of parts per million.

6. Production Methods.

a. Barium Peroxide Method.

Six to 8 percent hydrogen peroxide prepared by the
reaction between barium peroxide and 70 percent sulfuric acid plus a
few percent of phosphoric or hydrochlorlc acid.

Ia0, + H,90), —> BasS0, + HyOp

This process is reported to he used by only one US company (Westvaco)
and accounts for 10 percent af annual production.

- 11 -
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b. Electrolytic Process. §

Cell reaction: 2HpS0y — HpSp08 + Hp
(Peroxysulfuric acid)
Hydrolysis: HpSpOg+ 2HpO —» 2HpS0) + HpOp (35 jpercent)
Ninety percent hydrogen peroxide is obtained byidistil—
lation and rectification. This process requires high capital idvestment
and high electrical requirements. In addition, chemicals and ellectro-

lytes must be of high purity. |

¢, Nonelectrolytic Process.

The reported basis for Du Pont's new hydrogen pdroxide
processes is to take an oxidizable "carrier," or organic hydroxyl com-
pound such as anthraquinone, oxidize it to a pure state, then deécampose
it to a ketone, with hydrogen peroxide being evolved. The ketone is then
hydrogenated back to the hydroxyl state and is ready for recycling.

Very little information is mvailable in respect to process varidbles such
as the nature of the organic starting meterials, solvent, catelyst, and
method of oxidation. The advantages of this process are a lower capital
cost of plant and simpler plant operation. Shell is reported to be using
the liquid-phase oxidation of isopropyl alcohol with oxygen at pressures
greater than atmospheric and at a temperature range of 194° to 2840p,
Nonelectrolytic processes should bring the cost of peroxide down.
Technical know-how, however, is very important in these procecses.

7. Bources of Informstion.

The following orgesnizations have had extensive exrerience
with hydrogen peroxide: the Buffalo Electrochemical Co., the Buresu of
Aeronautics, the MIT-Hydrogen Peroxide Laboratories, and the E.I.
du Pont de Nemours & Co. Both Shell Chemical and Columbia-Southern are
entering the field with nonelectrolytic processes.

8. Miscellaneous Application of Hydrogen Peroxide.

An Interesting application of hydrogen peroxide as a mono-
propellant to provide auxiliary power for helicopters has been recently
developed. This work was done by Reaction Motors under sponscrship of

- 12 -
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the Bureau of Aeronautics of the Department of the Navy. Hydrogen
peroxide is carried in a tank on the rotor shaft and fed by centri-
fugal force to a small catalyst chamber mounted on the tip of each
rotor. There it is decomposed, and the exhaust Jet 1s used to provide
additional driving power for the rotor. This system was applied to

a Sikoreky helicopter used by the Marine Corps. The entire weight

of the filled hydrogen peroxife system is about 350 pounds, including
about 280 pounds of 90 percent hydrogen peroxide. With this auxiliary
power, the payload, the rate of ascent, and the hovering ceiling of
the helicopter are greatly increased, and the permissible area for
landing, in case of failure of the main powerplant, is increased at
least fourfold.

B. Ethylene Oxide.

Ethylene oxide has a boiling point of 51°F, which 1s undesir-
ably low, and a freezing point of minus 171°F. To keep it as a liquid
within the range of normal temperatures, some pressure is required.
Its density is 0.9 g/cu cm. Ethylene oxide is easy to handle, and
military regulations suggest that ethylene oxide be handled like
aviation gasoline. Fumes from the liquid are to be avoided. Ethylene
oxide forms a wide range of explosive mixtures with air from 3 to 100
percent ethylene oxide. Ethylene oxide has a specific impulse of 159
to 168 sec. Catalytic ignition does not appear possible.

The materials for the production and storage of ethylene oxide

are usually steel, stainless steel, or glass. Corrosion is not a problem,

but some materials (acids, bases, chlorides, and oxides) increase the
rate at which ethylene oxide polymerizes.

Two commercial methods of production are employed. The earlier

process involves the reaction between ethylene, which is found in natural
gas, and hypochlorous acid, which is formed from the reaction of chlorine

and water. The resulting material is treated with sodium hydroxide to
produce the ethylene oxide. The second process is a direct catalytic
conversion of ethylene and oxyzen to the oxide. Most new installations
employ the second process. Production of ethylene oxide in 1953 was
about 500 million pounds at a price of about 14 cents per pound.
Producers include Union Carbide and Carbon, Dow Chemical, Jefferson
Chemical, Wyandotte Chemical, and Mathieson Chemical.

- 13 -
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C. Propyl Nitrate.

Both propyl nitrate and its mixture with ethyl nitrate {60
percent ethyl - 40 percent propyl) have similar properties; so jthey
will be discussed together. Their freezing points are below minus 1&80F,
and their boiling points are sbove 211°F, thus providing a wide useful
liquid range. Their density is about 1 g/cu cm. Nitrates ir general
are impact sensitive, and these nitrates are no exceptions. Some explo-
sions have occurred with these materials. Unfortunately, prcpyl nitrate
and its mixture corrode ordinary steel, but stainless steel end aluminum
can be used with them. :

Production methods involve Just a simple anitration o the
corresponding alcohol. Propyl alcohol, isopropyl alcohol, and |ethyl
alcohol are available commercially in large quantities, and <h
nitration step is a well-known operation. The production 1is aimost
insignificant. The British have done & great deal of work with the
isopropyl nitrate, whereas in this country the normal propyl nitrate
has recelved the greatest attention. The principal producer is Du Pont,
although the Ethyl Corporstion also is interested in these compounds.

Their specific impulse is slightly higher than that of
ethylene oxide, being about 165 to 170. In summary, the two things
to remember about this system are that production is very low and that
the materials are sensitive to impact.

p. ggggpzine.

Another monopropellant is hydrazine. It has been given rairly
wide publicity because of the important and difficult chemistry and
engineering work performed in developing its manfacturing process.
Some of its proverties are given in Figure 12. Its molecular formule
is NpH,. Its freezing point is important in its use as a propellant.
Tt is higher than that of water, and this 1s the main drawback in its
use. The boiling point is sufficiently high, and the vapor pressure
is reasonably low at ambient temperatures. 1Its density and viscosity
are about equal to those of water. 'The heat of formation ie in the
desirable range. The monopropellant performance characteristics of
hydrazine are given in Figure 13. As a monopropelilant, its specific
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impulse is of the order of 169. Because its density is approximately
that of water, its density impulse is about the same valuve.

One of the drawbacks in using hydrazine &s & monopropellant is
that it is difficult to initiate combustion. Once it is started, it
seems to proceed satisfactorily. Hydrazine is toxic, flemmable, end
rather expensive by our criteria at the present time.

Tn hendling hydrazine it must be kept away from any oxidizing
materials such as rust, peroxides, and copper salts. It can be stored
and shipped in glass, in stainless steel, or in polyiscbutylene-lined
drums. These drums must be sealed tightly, and normally the drums are
blanketed with nitrogen after being loaded. Other materials which are
usable with hydrazine are chrome-nickel, polyvinyl chloride, natural
rubber, end low-sulfur buna rubber.

The toxicity of hydrazine is relatively high. It can be
absorbed through the skin, by ingestion or by inhalation, so that
protective clothing and ammonia gas masks are recommended. Hydrazine
i1s not sensitive to shock, and it is thermally stable below about 320°F.

The normal production method for hydrazine is the Raschig
process, in which ammonia is reacted with sodium hypochlorite. This
gives a low-concentration product which then can be concentrated. The
urea process, using urea instead of ammonia, is also desirable . The
cost recently is of the order of $3.00 per pound. Some long-rangs2
estimates indicate that it might drop to as low as 50 cents a pourd.
It is produced by the Olin Mathieson Chemical Corporation.

Because of the high freezing point of hydrazine, a great deal
of work has been done in an attempt to f£ind additives which might

lower the freezing point. Ammonium thiocysnate 1s one of these additives
and is sctually used in the present LAR air-to-air rocket. The addition

of 32 percent ammonium thiocyenate to hydrazine will lower the freezing
point to minus 65°F.

In addition to its use as a monopropellant, which is not very
extensive, hydrazine is also used in bipropellant systems. It is used

as a fuel in combination with various oxidizers. With red fuming nitric
acid, its specific impulse ranges from 285 for pure hydrazine to 265 with

the addition of 32 percent ammonium thiocyanate. With liquid oxygen,
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hydrazine's specific impulse 1s about 280 and with liquid fludrine
about 320.

It is obvious from a consideration of those few performance
values that the bipropellsnt systems, in general, are significhntly
higher in their performance than the monopropellant systems. The
monopropellant systems are used only for very specialized applications,
where benefit can be derived from using only a single substancb.

E. Nitromethane.

Another monopropellant, not of such importance as hydrazine, is
nitromethane. Its characteristics are illustrated in Figures 12 and
13. Its freezing point is minus 20°F, a lower and more desirable value
than that of hydrazine. Its boiling point is sufficiently high at thOF,
and it has a high density, about 14 percent higher than that of water.
The specific impulse for this rather high-energy monopropellan# 1s 217.
Again, there are difficulties with ignition -~ that is, initiating com-
bustion. Consequently, many times a bipropellant system with liquid
oxygen as an oxidizer is used to initiate combustion. Once igbited,
the nitromethane is used alone as a monopropellant.

Nitromethane has good availability. It is not corroai&e and
has low toxicity. The major disadvantage in using nitromethane as a
monopropellant is that good combustion is dAifficult to achieve!and that
large motors are required to get something approximating complete
combustion. ;

With regard to handling, nitromethane is not classified as a
dangerous material by the ICC, but it is sensitive to sdiabatic com-
pression and explodes in gunfire tests. It is usually shirped in
55-gallon drums lined with plastic. Stainless steel and plastic-coated
steel are satisfactory for use, as well as other plastic materials
such as Bakelite. It is incompatible with copper, tin, lead, ginc,
lined steel, and many plastics. |

Production of nitromethane is by vapor-phase nitraticn bf

propane, with subsequent purification by fractional distillatioh.
Production in 1950 was 250,000 pounds per year at a cost of about
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25 cents per pound. Producers are Commercial Solvents and Aerojet-
General.

As with hydrazine, some research has been performed in an
effort to find additives to improve the combustion characteristics of
nitromethane and to desensitize it somewhat. A mixture with 20 percent
ethylene oxide has shown the most promise.

F. Methyl Acetylene.

I would like to mention briefly two monopropellants that are
in the research stages. As mentioned before, there has been interest
in the acetylenic compounds. One of the more interesting ones is
methylacetylene, or propyne, which is being developed specifically for
ram-rocket applications.

This compound has a relatively low boiling point (minus 10°F),
which means that it must be handled under moderate pressures as & lique-
fied gas, It also possesses & fairly low density (0,68 g/cu em), Its per-
formance is reasonably high, approaching 200 seconds, but the density
impulse is quite low (118%. Its high heat of combustion of the product
gases makes it desirable for ram-rocket applications. It should be
emphasized that it is in the early stages of research and development.

Tt is currently selling for $6.25 per pound; however, the predicted

selling price for large-scale production runs between $0.50 and $1.00

per pound. Methylacetylene has certain storage and supply problems,

since it is a liguefied gas, and it also has combustion problems because
there are some solid combustion products occurring in the exhaust. Much

of the work on the development of this compound for ram-rocket applications
has been done at New York University (by Dr. Paul Winternitz). Considerable
work also has been done at Princeton University.

G. Amine Nitrate Mixtures.

The other exotic compounds are the amine nitrate mixtures. The
possibility of combining & fuel and an oxidizer in the same mixture in
order to gain a specific impulse comparable to that of a bipropellant
system has been considered at different times. Recently Dr. John Clark
of the US Naval Air Rocket Test Station at Dover, New Jersey, has been
working with these compounds. Phillips Petroleum also has been engaged
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in development work on them. The amine nitrates have moncpropellant
characteristics, with specific impulse comparable to s bipropellant
gystem, but they are quite sensitive to thermal shock. The only motor
tests that have been run to date have ended with the combustion lchamber
exploding. So there are some problems to be solved. If this sénsitivity
can be controlled, however, there exist potential applications in air-to~
air and ground-to-air missiles, and perhaps in Jato units. It should be
emphasized again that these two compounds are in the initial reéearch
stages. !

H. Sumary of Monopropg};gggg.

Figure 13 summarizes the monopropellants of current inte&est.
The "workhorse" moncpropellants are hydrogen peroxide, ethylens oxide,
and propyl nitrate. Hydrogen peroxide has been used extensively in gas
generators, an important aspplicetion in large missiles. With a 1arger
missile a turbopump system is used rather than the pressurized system
because of the weight saving involved, since heavy high-pressure| tubes
are eliminated. Hydrogen peroxide is also of considerable 1nter§st as
a bipropellant oxidizer, especially with JP-4 or the kerosene type of
fuels. The Navy has been interested in this system because of the good
burning characteristics with JP-4 and the relative ease of shinbdard
handling as contrasted with nitric acid. J

Ethylene oxide is another monopropellant that has receivéd much
consideration. It has been used for auxiliary vower sources such as
aircraft starters. Likewise, normal propyl nitrate has been use¢ for
similar applications and is also finding applications in torpedo|pro-
pulsion. The mixture of 60 percent ethyl nitrate and 40 percent normal
propyl nitrate is also of interest as a monopropellant. Nitrowethane
has received attention in the vast, and there is some current interest
in mixtures of nitromethane and ethylene oxide. Hydrazine is of interest
&8s a monopropellant, chiefly in the form of hydrazine - hydrazink
nitrate - water mixtures which are of interest in liquid-propellant
gun applications. There has been considerable work done on mono-
propellant systems over the past few years. Methyl acetylene and the
amine nitrate mixture are still in early stages of development ds far
as monopropellant applications are concerned. f
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I1I. Bipropellants.

A bipropellant combination consists of an oxidizer and a fuel.
We shall discuss all the oxidizers as a group and then all the fuels
&as a group.

A. Oxidigzers.

¥igure 14 is a summary of the properties of the oxidizerc that
we shall discuss todsy. Thege are the ones that are receiving the most
attention and are probably the ones that you may encounter.

The first thing that I would like to point out on Figure 14
is that all these compounds -- oxygen, red fuming nitric acid, hydrogen
tetroxide, ozone, fluorine, chlorine trifluoride, perchioryl fluoride,
and tetranitromethane -- have one common property. They contain either
oxygen or fluorine, both of which are good oxidizing atoms of low mole-
cular weight. You will note that the freezing points in this list of
oxidizers range from minus 362°F to plus 12°, 31°, and 57°F, and the
boiling points range from minus 2970 to plus 302CF.

Figure 14 shows that there is a big gap in the thermoconductivity
data. The viscosities of the oxidizers are ell fairly low. The densities
of the oxidizers are the most important data on this chart, and they are
high relative to fuels. You:will note that they are all greater than
1 g/cu cm, with oxygen and fluorine the lower ones at 1.1 g/cu cm.* These
are the things that you should remember about these particular compounds.

1. Liquid Oxygen.

Iiquid oxygen is the first oxlidizer to be discussed, and, as
you may have noted from Figure 14, its most undesirable property is its
boiling point, which is about minus 300°F. In other words, you are most
likely to encounter it as a compressed gas. In fact, 1f you encounter
it at any temperature above minus 180°F, it will be a gas. Below these
temperetures it can be liquefied, but this sets a limitation on the
storage facilities. ILiquid oxygen is usually contained within insulated
storage facilities vented to:the atmosphere. To reduce evaporation losses,
the heat transfer is minimized as much as possible by insulation of the

walls of the tank. In order to maintain the present supply of liquid oxygen,
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it is necessary to have auxiliary equipment along with your storbge
facilities to contain the vapor and reliquefy it., The big prchlem with
oxygen, therefore, is to contain it.

Oxygen does have a falrly high density and is not toxflc or
corrosive. However, in handling 1it, severe cases of frostbite can
result. Because of its being so cold and because some materials are
brittle at low temperatures, materials for handling liquid oxygen are
limited to nickel, Monel, Inconel, copper, aluminum, 18-8 stainless
steel, or annesled btrass. Fortunately, storage methods have been
devised so that liquid oxygen can be transported in tank cars, but this
is a difficult and specialized operation. During the war, liquid oxygen
was shipped to the South Pacific with reported evaporation losseb of
about 1/2 of 1 percent per day.

As far as production 1s concerned, much specislized refrig-
eration equipment is required to make the operation economical.  This
refrigeration equipment in turn requires considerable electrical power.
The raw material is air, and once the air is liquefied, it is frhc-
tionated, oxygen being one of the products. The commercial production
in 1943 was about 112,000 tons. It is produced at a cost of about 2 to
4 cents per pound, which makes it one of the least expensive matérials
that we have been considering.

Because of its low cost and because 1t 1s so readily avail-
able, liquid oxygen, in spite of its disadvantages in handling, remains
a very importent oxidizer. Historically, the Germans used oxygen in
their V-2 missiles, and, because of the technology that they had|built
up, much of the rocket work in this country after World War II was con-
cerned with it. The major producers of this material include Linde Air,
Alr Reduction, Liguid Carbonic, Olin Mathieson, and Air Products.
There are other companies that make equipment to produce liquid bxygen.
Some industrial consumers buy liquid oxygen, but most large consumers
buy a "packaged" liquid-oxygen plant which the supplying company maintains.

The industrial uses of liquid oxygen should also be mentioned.
It is used in large quantities for the production of steel, sanejof
which is high-pressure gaseous cxygen, but similar facilities are
needed for its production. A sustained major missile-launchingz program
may put a strain on steel production or limit its increase. Another use
of oxygen that is somewhat more restricted but is interesting is’
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its use as an explosive. If liquid oxygen is mixed with carbon or
carbonaceous materials, the cembination becomes an explosive which is
used in such operations as mining and quarrying. This is mentioned to
indicate that contact with carbonaceous materials should be avoided
when handling liquid oxygen.

When speaking of performance, it is necessary to specify the
fuel as well as the oxidizer. The specific impulse of liguid oxygen
with JP-4 and hydrazine is 265 and 280 seconds, respectively.

The things to remember about oxygen are as follows: (a) it
must be kept in well-insulated storage tanks in order to maintain it
below its boiling point, (b) it is easily produced, (c) it is a cheap
material, and (4) a great deal is known asbout using it and handling it.

2. Nitric Acid.

Although liquid oxygen is a very good oxidizer, it is
impossible to keep it in a tactical missile for 6 months or a year.
Therefore, we are left with either nitric acid or hydrogen peroxide.
Of the two, fuming nitric acid has received the most consideration
for tactical missiles. Although nitric acid corrodes everything,
burns poorly with JP-4, has only moderate performance with aniline,
and is highly toxic, it remains the only oxidizer that has been stored
satisfactorily for long periods of time. - Although nobody likes to
handle nitric acid, it has been quite satisfactory as an oxidizer.

The fuming nitric acids that have been considered for
propellants are white fuming nitric acild, red fuming nitric acid,
and mixed acid. The ordinary concentrated nitric acid familiar to
high school chemistry students is about 68 percent nitric acid and
32 percent water. For propellant applications, we do not like to
give this water a free ride; so we have to have something that has
quite a bit more nitric acid in it. The first thing that was con-
sidered was a white fuming acid which contains approximately 97 1/2
percent nitric acid and 2 1/2 percent water. Red fuming acid contains
from 83 to 85 percent nitric acid, from 13 to 15 percent NOp (nitrogen
dioxide), and 2 percent water. Performancewise, there is not too
much difference between the white acid and the red acid. Corrosion-
wise, white fuming acid is better than the red. White fuming nitric
acid, however, develops sizable pressures under storage conditions
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(of about 1,000 pounds per square inch). The only way found to date
to get sround the storage pressure problem is to add something to

the nitric acid. If 13 to 15 percent NO, and 2 percent water are
added to the aclid, one gets the minimum pressures that are 'possziﬁle
with this ternary system. These pressures run between 80 and 1.00 psia
at 160°F and sufficiently low for storage in ordinary 1ow-presam¢e
containers.

‘fhis still leaves the corrosion problem. As mentionéd
before, the white fuming acid was found to be slightly less corrdsive
than the red fuming acid. Since both of them are very corrosive,
considerable work was done toward developing corrosion inhibitors.
Hydrofluoric acid was discovered to be a reasonably successful
corrosion inhibitor. It is added in quantities of % to 1 percent
Once the corrosion problem is alleviated, it is possible to return
to the decomposition problem. There one finds that by using the
hydrofluoric acid additive with the red fuming nitric acid, it is
posslble to produce a usable and storable acid. I might point out
that, even though this corrosion inhibitor is reasonably good, there
are still some sludging problems, and work is continuing toward
developing better corrosion inhibitors.

Another problem with hydrofluoric acid as an inhibitor is
that it precludes the use of titanium as the material of const:mdtion.
There is still interest in using titanium to handle nitric acid, !although
there have been some violent explosions with titaniwm and red ecild. At
the present time the Jet Propulsion Laboratory is doing fundamental
studies on the red acid - titenium system, and if they are able to deter-
mine the mechanism of these explosions and can control them, theve will
be reneved interest in the use of titanium with red acid. Such results

would necessitate development of an inhibitor other than hydrofluoric acid.

Another acid that was considered at one time was mixed acid.
Tt contains 88 percent nitric acid and 12 percent concentrated sulfuric
acid. However, the problem of sludge formation (formation of ins[oluble
iron and aluminum sulfates) virtually eliminated this acid from ﬂurther
consideration. §

Tuming nitric acids are cheap, medium-performance ox.’uﬁdizers
that can be stored for relatively long periods of time and at the same
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time have fairly good physical properties. Red fuming acid has a
freezing point around minus 70°F and vhite fuming acid around 43 to 47OF.
The boiling point is about 1UOPF for the red fuming acid and 183%¢ for
white acid. These freezing points and boiling points meet military
specifications. The density is 1.6 g/cu cm, which is quite high. This
means a high density impulse with nitric acid mixtures., I would mention
again the decomposition pressure of less than 100 psia's at 160°F for
the red acid. The viscosities of both red and white acids are satis-
factory.

Performancewise the fuming acids are intermediate. They
are not super-performance oxidizers but are good medium-performance
oxidizers.

Nitric acid - aniline has a specific impulse of about
240 1b-sec/1lb, and with hydrazine it will jump to about 257 1b-sec/1b.
Nitric acid systems range around 250 lb—sec/lb, indicating strictly
medium-performance systems. The density impulses, however, run over
300, which is very good when one considers these systems on a volume
basis. Red acid gives a specific impulse of about 2ko lb-sec/lb with
JP-4, whereas the hydrogen peroxide - JP-4 system yields a value of
248 lb-sec/1b. The JP-4 fuels show a specific impulse of approximately
260 lb—sec/lb with liquid oxygen. This increase does not seem very
large, but when it is considered in the range equation, it shows an
appreciable increase in range, since range 1s a function of (Ispjg.

The nitric acid - JP-4 system would be a very desirable
system i1f it could be made to burn properly, since JP-4 is carried
aboard most aircraft. There has been considerable combustion insta-
bility with these systems, however, and much work has been done and
still is going on toward developing suitable additives to improve the
conmbustion characteristics of these systems.

For handling inhibited nitric acids, aluminuwan alloys and
347 stainless steel are satisfactory. Teflon and Kel-F are nonmatallic
materials suitable for contact with fuming nitric acids. The acids are
not compatible with any orgapic materials or petroleum products. Fused

silica, high-chromium and high-silicon irons and stainless steels, ceramic

materials, and Duriron are used in the production of nitric acid.

A few miscellaneous properties of nitric acld are of interest.
Iitric acid is insensitive to shock, which mekes it desirable from a
handling point of view. Although it must be shipped as a corrosive
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liquid, it can be shipped in carboys, drums, tank cars, or treilers.

It is quite toxic, since the fumes contain large quantities of nitrogen
dioxide, which is an extremely toxic gas. If one is in an area iwhere
there are large quantities of nitrogen dioxide, an independent oxygen
supply is essential because ordinary gas masks do not glive adequate
protection. Nitrogen dioxide does give a warning by its reddish brown
color, so that, when these fumes are noticed, persons can be cleared from
the area. It has this advantage over hydrogen peroxide and scme of the
other oxidizers and fuels that are sensitive to thermal shock or mechan-
ical shock.

Nitric acid 1s produced by the catalytic oxidation of ammonis.
Air and ammonia are reacted at 750°C and at 100 1bs per square inch
Pressure with a platinum catalyst to produce the KOo which is then dis-
solved in water. This process ylelds 60 to 65 percent acid, the ordinary
concentrated acid of commerce. This acid is then distilled with sulfuric
acid to give nitric acid concentrations of 95 to 97T percent. ‘.l‘hé red
funing acid is made by dissolving NO, in concentrated nitric acid. The
actual process variables for the production of red acid have not been
published. In 1955 there were more than 2 million tons of anhydrous
nitric acid equivalent produced, which indicates a very adequate supply.
Obviously, there are many producers. Most of these production facilities
could be converted to red fuming acid production in an emergencyl The
General Chemical Company,* Hercules,** and Du Pont are the ma jor | pro-
ducers of red acid for the armed forces. Cost is below 10 cenis per
pound in drum lots, with the inhibited acid slightly higher. 7he in-
hibited red fuming nitric acid is the acid of the rocket trade at the
present time. 5

Orgenizations that are interested in nitric acid and have
further information on this subject are the Wright Air Development Center;
Wright-Patterson Air Force Base and Army Ordance; Office of the Chief of
Ordnance, Washington, D.C.; Redstone Arsenal, Huntsville, Alabama; and the
Jet Propulsion laboratory at the California Institute of Technology,
Pasadena, California. Nitric acid has been of most interest to the Air
Force and the Army, since it poses problems of shipboard handling to the
Navy because of the toxic nitrogen dioxide fumes that are given off.
Companies that have been engaged in development work with nitric acid as
oxidizers are Aerojet-General Corporation; Reaction Motors, Inc. 3 and
Bell Aircraft Co.

* General Chemical Division of Allied Chemical and Dye Corporation.
#%* Hercules Powder Company, Inc.
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3. Nitrogen Dioxide.

In addition to the fuming acids, there has been some
consideration of nitrogen dioxide as a rocket oxidizer. It has a
fairly good performance, although not quite as high as nitric acid.
Nitrogen dioxide, however, has a relatively high freezing point (12°F),
which mekes it unsuitable for military applications. Some work has
been done on decreasing the freezing point by the use of additives.

The most successful additive so far has been nitric oxide (NO), another
oxide of nitrogen. A system containing 30 percent nitric oxide and

70 percent nitrogen dioxide has & freezing point of minus 110°F. This
system develops storege pressures of about 300 psia at 160°F. Although
it is not sensitive to shock, it is very toxic, and extreme care must

be taken in handling it. It must be shipped in steel cylinders as a Class

A poison. No pressure release valves are permitted. It is noncorrosive
in the dry state. However, if a little moilsture is present, it becomes
quite corrosive. Nitrogen dioxide is in one of the intermediate steps
in the nitric acid production process.

4., Mixed Acid.

Mixed acid contains 88 percent nitric acid and 12 precent
sulfuric acid. TIts density is about 1.7 g/cu cm, and its freezing point
is approximately minus 60°F. It has a lower performance than elther
of the fuming nitric acids, and, in addition, there is a problem of
sludge formation. If this problem could be solved, perhaps the Navy
would be interested in mixed acid for shipboard application.

5. 0Ozone.

Ozone is another form of oxygen, having the molecular
formula Oz rather than Oy. Our interest in ozone stems mainly from
its somewgat improved performance characteristics and its considerably
improved density. Its density is about 1.6 g/cu em compared with about
1.1 g/cu cm for liquid oxygen. Therefore, less volume is required to
package it. The improvement in performance, say with JP-4 (Jet fuel),
is measurable. Liquid oxygen with JP-4 would have a specific impulse
of about 265, while 100 percent ozone with JP-k -- if we knew how to
use a 100 percent ozone -- would be about 280, There is not a lot of
improvement in performance, but the improvement in density seems to
make its consideration worthwhile.
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The stability of ozone presents the greatest prob1e¢ in
its use. Extremely clean containers and ideal coniitions are still
not sufficient to prevent its decomposition. The only way that}it has
been used thus far in tests is in combination with liquid oxygen.
Concentrations of about 20 to 25 Percent ozone have proved poss#ble.
Considerable research activity is going into the problem of stabilizing
ozone so that it can be used as a rocket oxidizer. It is extreﬁely
dangerous to handle, it is exploslve, and it is somewhat toxic. It
is, however, compatible with certain materials, such as alumirum, glass,
stainless steel, Teflon, Kel-F, and polyethylene. :

Ozone is produced by an electric discharge in an oxygen
atmosphere, and its purity depend on the purity of the oxygen u#ed
as the raw material. Its impurity is, of course, oxygen. The potential
production capacity of ozone is unknown because of the many uncértainties
in handling it. Sources of information for ozone would include: Armour
Research Foundation, Wellsbach Corporation, Linde, Air Reduction, and
Olin Mathieson. Some research work has been done at Princetor: University.
The Western Develompment Division and the Wright Air Developuent Center
have both sponsored small research projects on ozone,

6. Fluorine, Perchloryl Fluoride, and Chlorine Trifluor&de.

I am going to talk briefly about the role of fluorine and
its compounds as oxidizers. I will consider three compounds herh:
fluorine itself, chlorine trifluoride, and perchloryl fluoride. - Perhaps
the most outstanding feature of these three compourds is their densities,
which are 1.11, 1.77, and 1.kl g/cu cm, respectively. The freezing
point and boiling point characteristics of fluorine itself are about
the same as for oxygen, sothat the same storage and handling proplems
exist. As one forms compounds involving fluorine, these characteris-
tics tend to become more moderate. Except for fluorine itself, ' the
densities tend to be rather high, and this has the usual favorable
implication as far as the density impulse is concerned.,

Fluorine is one of nature's anomalies, in = sense. $ome
of its compounds are very highly reactive -- among the most reactive
that we know of -- while others, such as the hydrocarbon analogs involving
fluorine, tend to be just the opposite and very unreactive. Conéeqpently,
fluorine plays a very large role in the picture of rocketry -- i¢ one case
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the reactive materials as oxiflizers; in the other case the inert mate-
rials as lubricants, gaskets, and coatings. Fluorine itself shows the
highest performance of the chemical oxidizers both with respect to its
impulse and with respect to its density impulse. It is extremely cor-
rosive, extremely reactive, and very toxiec.

Another important feature of fluorine is its limited
availability. The world's resources of fluorine are low, and only a
portion of those resources can be used for rocket purposes. This further
limits its use. It is handled similarly to oxygen and requires the same
type of refrigeration and insulation. It is normally produced as a 98
percent pure material. Its boiling point is minus 3069F, its freezing
point minus 360°F. The spread is rather narrow, but there 1s no need
to worry about its freezing.

I have some performance figures here in comparison to liquid
oxygen. If we take hydrazine and hydrogen as fuels and fluorine as the
oxidizer, we find that hydrazine has an impulse of 315 seconds and hydrogen
342 seconds, whereas, if liquid oxygen is used, the impulses are 270 and
315, respectively. So you see that it runs 10 percent or better above the
liquid oxygen figures. When comparing the density impulses, fluorine looks
even better because it has higher density.

Experimentally, fluorine systems have been fired at the
5,000-pound thrust level, and very high efficiencies have been obtained,
up to 95 percent of theoretical performance. Work is now being done
on the fluorine-ammonis system at a much larger scale -- the 35,000-
pound thrust level.

Since fluorine is so corrosive, there is a major problem of
materials of construction for handling it. For example, things like
glass and concrete materials, if placed in a jet of hot fluorine, will
react violently. These are materials that we normally consider as being
rather inert. Fluorine reacts with practically all the metals when hot.
Tt 1s extremely toxic, on about the order of phosgene, and, perhaps more
to the point, the exhaust product that one typically gets when using
fluorine as an oxidizer, hydrogen fluoride, is also quite toxic. In
experimental work, speclal measures have to be taken to try and render
harmless the exhaust products because of the safety of the workers in
the vicinity. Aluminum alloys, particularly 61 ST alloy and type 356
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cast aluminum, can be used for handling liquid fluorine. Stainless
steel, bronze, and brass also have applications where service life

can be short. These materials will not stand up over protracted.
periods. In some cases, by treating the mechanical system carefully,
Yyou can achieve a coating of the metal by a relatively inert fluoride
layer, and, apparently, success in the use of any of these materials
may depend on that layer, its existence, and its remaining intact.

Metal surfaces must be free of organic matter, as in the case of oxygen.
Metallic tin has been used for labyrinth-type seals. A titanium carbide
material is an example of a cermet that has application. Silvergcan be
used in some cases. Materials such as Teflon and Kel-F have some appli-
cation. ‘

Fluorine is made from hydrogen fluoride, electrolybiéally.
The cost of the hydrogen fluoride used in the msnufacture of fLu&rine is
about $0.20 a pound, so that you can look for a cost of fluorinpe bn
the order of $0.50 to $2.00 a pound.

As far as fluorine is concerned, there are a numbe:r of com-
panies that have been interested and have technical knowledge, iﬁcluding
Du Pont, General Chemical Co., Hooker Electrochemical Co., Harshaw Chemical
Co., Uhion Carbide Nuclear Co., and Pennsalt Manufacturing Co. Wbrk with
fluorine i3 presently being sponsored by the Wright Air Developmént Center,
at North American Rocketdyne, and by Bell Aircraft. Presumably, further
information on the current developments could be cobtained there. .

Fluorine can be used in mixture with oxygen, and in these
cases, of course, with physicel properties and performance that are
somewhere between the performsnce for the pure materials. Chlorine
trifluoride is about as reactive as fluorine. It has a much higher
density, and it is much more manageable in the sense that it has lower
vapor pressures and a higher bolling point. The same problems of toxicity
exist, but it is somewhat better in its chemical reactivity and corro-
slon aspects. Chlorine trifluoride with ammonia gives a specifid Impulse
of 246, compared with 310 for fluorine with ammonia. ‘

One of the reasons why these fluorine compounds give isuch

high density impulse performance is that we utilize much higher fatios
of oxidizer to fuel than is possible, say, in the case of liquid oxygen.
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And with a material that has & high density, of course, this becomes
an advantage where the oxidizer is present in larger quantities.

Chlorine trifluoride can be handled in mild steel at
ambient temperatures, but not at elevated temperatures. Iron, nickel,
and Monel have been used.

Chlorine trifluoride is made by the direct reaction oY
chlorine and fluorine and is subject to the same limitations as fluorine
as far as the availability of raw materials is concerned. Pennsalt
Manufacturing can supply this in experimental quantities and probably is
also the best source of information.

The third and final of the fluorine compounds, perchloryl
fluoride, is a fairly new development. It has the molecular formula
FC103. It has the relatively high performance characteristic of the
fluorine compounds, and it is much less reactive as far as corrosion
and handling are concerned. It also has a higher boiling point than
liquid oxygen. At the moment, the estimated cost of this material is
on the order of $30.00 a pound, so that you can realize the stage of
its development. It is handled as the snhydrous material. I do not
have any information on the means of synthesis, although it does in-
volve an electrolytic process utilizing sodium chlorate and hydrogen flu-
oride. Performancewise, perchloryl fluoride with unsymmetrical dimethyl-
hydrazine has & calculated impulse of about 270, while unsymmetrical
dimethylhydrazine with liquid oxygen has a calculated impulse of 277.
From these figures it becomes apparent that this might be competitive
with oxygen as far as impulse is concerned. It is still in the re-
search stage of development, and the work that we know of is being done
at Naval Air Rocket Test Station. From the production point of view,
Pennsalt is a participant.

7. Tetranitromethane.

The last oxidizer which we will consider is tetrani-
tromethane. This is a compound that has 1 carbon with & nitro
groups attached to it, and, as might be expected, this would be un-
stable and fairly explosive. The material has a freezing point of
about 57OF, which is the highest of any of the oxidizers that we have
considered, and from this point of view it is the least desirable.
It has a density of about 1.64 g/cu em, which makes it one of the
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highest in this desirable property. As far as safety is concerhed,
its big drawback is that it is sensitive to heat and to thermalland
mechanical shock. Another disadvantage with tetranitromethanz is its
fairly low production rate in this country, or anywhere, for that
matter. Production now is practically zero. The price for tais
material has been estimated at $20.00 per pound. Conceivably iﬁ can
be produced from about $0.25 tc $1.00 a pound. |

It is interesting that during World War IT Germany &as
considering tetranitromethane as a material to use in the v-2, hut,
after a laboratory was destroyed by an explosion, the Germans décided
to use oxygen instead. |

There are several ways by which tetranitromethane can
be produced. They all involve nitric acid as a nitratine agentl Raw
materials in the system can be acetone » acetic anhydride, or etﬂylene B .
and these materials are all fairly common. Acetic anhydride is prob-
ably less common, but certalnly acetone and ethylene are availaﬁle in
large guantities. !

One other interesting thing about this materisl isg that
it is & byproduct in the production of TNT. In the usual methois of
producing TNT a sulfide wash is employed to destroy the tetranitrometh-
ane which has been formed. It is formed in small quantities, but
apparently it makes the TNT even more sensitive than it normally is.

Hefco Chemicals and Pennsalt produce tetranitramethdne and
are probable sources for more informstion. A good genersal bitlﬂogra—

phy on this particular campound has been corpiled by the Hazeltine
Laboratory. |

8. Summery of Oxidizers.

In summary, refer again to the list of the materials| shown t
in Figure 14. I might point out again that the freezing points range
quite considerably, as do the boiling points; that these oxidizeks
contaln either oxygen or fluorine (either the elemental materisl| or in
compounds); and, as previocusly mentioned, that two of these oxidﬁzers
are operational. These are liquid oxygen and nitric acid. Liguid oxygen
is cheap, avallable, and easy to handle but has a low density anﬁ a prob-
lem of storage. In fact, 1liquid oxygen is usually considered for use
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in & ballistic missile rather than in & tactical missile or in an anti-
aircraft missile. Nitric acid is also a cheap, available material, but
it presents a corrosion problem, especially in long-time storage.

Hydrogen peroxide has & high melting point problem, but
it is noncorrosive and fairly nontoxic. If the problem of long-time
storage could be solved, it would perhaps become accepted as one of the
operational oxidizers. The Navy is beginning to use hydrogen peroxide
as an oxidlzer.

The research-stage oxidizers are ozone, fluorine,
perchlorylfluoride, chlorine trifluoride, and tetranitromethane.
Characteristically, they have a rather high cost and fairly low
production.

The following tabulation summarizes the specific im-
pulses of the oxidizers with JP-4 and hydrazine:

I. with JP-4 I with Hydrazine
Oxidizer flb-sec/lg (1p-sec/1b)

Chlorine trifluoride 250
Nitric acid 2ko 260
Tetranitromethane 260
Hydrogen peroxide 250 265
Liquid oxygen 265 280
_Ozone 280

Fluorine 280 320

You will notice that the two materials which are
operational do not give the highest performance. They are still
fairly high, however, when compared with monopropellants. With
hydrazine the materials have a specific impulse which ranges
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approximately 10 percent higher than with JP-4. There is a greét deal
of interest in fluorine as an oxidizer and considerable current interest
in the fluorine-ammonia system. '

B. Fuels,

It has been previously pointed out that with oxidizers use is
made primarily of compounds containing either oxygen or fluorine because
both are low-molecular-weight elements which are oxidizing in ndature.
There is one element which is contained in almost all fuels. This is
hydrogen. Hydrogen is beneficial in lowering the average molecﬁlar
weight of the exhaust products. As the molecular formula for each fuel
is discussed, therefore, note that each usually conteins large fractions
of hydrogen in the molecule. The choice of fuels is much larger than
the choice of oxidizers. A number of organic materials are arplicable.
Of course, the most common organic materials which are availatle and
used as fuels are those derived from petroleum. Jet fuel, kerosene, and
gasoline are good examples. There are also some Inorganic materﬁals
such as ammonia and hydrazine which econtain large amounts of hydrogen
and thus make good fuels.

Figure 15 1lists most of the fuels which seem to be of fair im-
portance today such as ammonia, aniline, ethyl alcohol, liquid h&drogen,
hydrazine, JP-4, and UDMH. JP-lI 1s a particular specification of jet
fuel, and UDMH is unsymmetrical dimethylhydrazine.

l. Aniline.

By all our previous criteria, aniline does not really seem
to be a good fuel. It has a freezing point which is only slightiy be-
low that of water. It does not have a high specific impulse, being
only about 220 with red fuming nitric acid. But there is one =harac-
teristic of this particular system, aniline - red fuming nitric deid, that
is all-important. The two components are spontaneously combustible.

In other words, by adding nitric acid to aniline in a motor, sufficient
energy is produced -- and rapidly -- so that combustion is initiated
immediately. In addition, nitric acid and aniline compose a storable
system. These are the main reasons for this particular system béing
used. Nitric acid and a mixture of aniline and other componenﬁs}are
being used in the Corporal, a missile developed at the California
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Institute of Technology. The acid-aniline system was originally
developed at the Californie Institute of Technology and was in use
as early as 1943,

Some characteristics of aniline are of interest. It is
relatively inexpensive. Aniline has & high freezing point and is
somewhat toxic. The skin must be protected, and there are inhalation
toxicity difficulties at times. Aniline is relatively stable and can
be shipped in & mild steel or glass container. It has a solvent action
on most greases and lubricants as well as on some plastics, so that the
packing problem is sometimes d@ifficult.

Aniline is produced by reaction of nitrobenzene in an iron
vessel or by the reaction of chloral benzene with ammonia. Cost is
about 20 to 22 cents a pound. Some of the manufacturers are Calco Chem-
ical Division, American Cysnamid Co.; National Aniline Division, Allied
Chemical and Dye Corporation; Du Pont; and US Rubber Co. There also is
some interest in the use of the acid-eniline system on the part cf the
people at Redstone.

In an effort to decrease the freezing point of anilire,
some materials have been tried as additives. Propyl aleohol, which
lowers the freezing point to about O°F, helps somewhat. There is no
appreciable effect on performance, which, of course, is already low.
The mixture which is used in the Corporal is hG%'percent aniline,
464 percent propyl alcohol, and 7 percent hydrazine.

Another early development which was tried in an effort
to eliminate the freezing-point problem was the use of monocethyl aniline.
Its freezing point is quite low, minus 82°F. The performance of monoethyl
aniline with nitric acid is about the same as that of sniline. No use
of monoethyl aniline is currently being made.

2. Ethyl Alcohol.

Ethyl alcohol is a compound with which most of us have
some familiarity. It is common material and is produced in this
country and throughout the world in large quantities. It has a freez-
ing point of minus 174C°F and a boiling point of 173°F. This makes it
a very convenient compound to use operationally, because it has & wide
liquid range. Its density is & little low, 0.8 g/cu cm, compared
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with some of the oxidizers, which were all greater than 1 g/cu cm.

Ethyl alcohol does present somewhat of a fire hazard. There is no
particular corrosion problem. Steel and glass are adequate fcr handling
and producing ethyl alcohol.

Ethyl alcohol is produced primarily by two methods. The
time-honored fermentation process followed by a simple distillation
can produce 95 percent ethyl alcohol. By using a more sophisticated
distillation, 100 percent alcohol can be produced. The second and
perhaps more modern way of producing ethyl alcohol is from ethylene and
water via a catalytic process. Literally, a water molecule is attached
to an ethylene molecule, and ethyl alcohol results. i

The two proceeses, &8s far as cost is cancerned, are compet-
itive. For example, in 1950, 80 million proof gallons were made by
fermentation processes, and 100 million gallons were made from ei‘.hylene R
which is a derivative of petroleum. %

I might mention that in the fermentation process almost any _
carbohydrate can be used as a raw material. The materials most conmonly I
used are grains and molasses. In fact, the price of molasses just about 5
dictates the price of fermentation alcohol in this country. Mol#.sses is
imported from Cuba primarily. The cost of 190-proof alcohol is about
40 cents per gallon, while 200-proof alcohol (100 percent alcohol) !
ranges between 48 cents and 61 cents per gallon. Major producers include
most chemical and oll companies including specifically Du Pont, Dow, Union |
Carblide and Carbon, Commercial Solvents, Celanese, Olin Mathieson, US !
Industrial Chemicals, and Shell Chemical. 1 ;

Special considerations with the use of ethyl alcohol are its :
potability and its control bty the internal revenue department. ’;'hese :
factors have discouraged 1ts use by the armed services in the past. o

Our interest in ethyl alcohol is because it is cheap and
partially because it was used successfully by the Germans in the V-2.
We have a lot of experience with it, and we know it works. The Germans
made it work quite well, but the Germans did not use absolutely pure
ethyl alcohol. They used a mixture of 75 percent ethyl alecohol - 25
percent water. They put water in it because of a problem of cooling
the rocket motor. They found the addition of 25 percent water to their
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fuel resulted in a decrease in the temperature of the rocket motor which
jnereased the life of the motors. This addition does not alter the
freezing point or the boiling point very much but increases the density
slightly. The specific impulse is not greatly affected.

The specific impulse with ethyl alcohol and oxygen is
about 240 -- slightly lower than some of the systems we talked about,
such as with hydrazine and JP-4, but not intolerably so.

3. Petroleum Fractions.

This is a rather large topic to cover here, and I am going
to do it briefly. The significant thing about petroleum products as
rocket fuels is their availability. You might say that compared with
most of the other fuels, petroleum products are unlimited. We have to
remember at the same time that rockets will be competing for these
materials with practically everything else that moves. Four principal
fuels are JP-4, JP-5, JP-X, and kerosene. They are all complex mixtures
of various types of hydrocarbons and are quite similar in their physical
and chemical properties, with the exception of JP-X, which has a sub-
stantial amount of additive in it. These fuels have densities that are
low compared with the densities that were mentioned in our discussions
of oxidizers, ranging from 0.75 to 0.80 g/cu cm. Viscosities are favorable.
They have the problem of their inflammability and the explosive vapors that
are generated in air atmospheres. These may require special techniques
for handling and ventilation. The JP-4 is a broad hydrocarbon cut; the
JP-5 is a somewhat narrower cut in a higher temperature boiling range.

The JP-X 1s a mixture of JP-4 (60 percent) and UDMH
(40 percent). Specific impulses do not vary widely among the various
hydrocarbon fuels. For the JP-4, we have a specific impulse of 240
with red fuming nitric acid, 265 with liquid oxygen, and 280 with
fluorine. The density impulse 1s 260 with liquid oxygen, 310 with
red fuming nitric acid, and 340 with fluorine, with the principal
advantage coming from fluorine.

There is a problem with JP-4, and it was this problem that

led to JP-X, in a sense. It is difficult to ignite, and it shows a
high degree of combustion instability with nitric acid. Both of these
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topics have been the subject of extensive investigations by Reaction .
Motors, Aerojet-General, and others. The addition of 40 percént un- i
symmetrical dimethylhydrazine to JP-4 was made with the hope: that !
combustion stability would be improved, that ignition delay wduld be :
reduced, and that, in general, it would perform more satisfactorily,
and this is the case. There is still a tendency to consider JP-X as

& petroleum fuel, but the 40 percent of UDMH puts it pretty well

over into the field of a synthetic chemical fuel. Problems of cost,
availability, and so on connected with UDMH might be fairly sdrious.
JP-5, because of its higher flash point and higher boiling po%nt range,
is particularly suitable for shipboard use, and that is where it is
primarily used. The Army is using a mixture of JP-4 and UDMH which

is different from the JP-X mixture -- 83 percent JP-4 and 17 percent
UDME in the Nike missile.

As far as handling is concerned, these petroleunm materials
are quite stable. They do tend to form gums on standing, especially
if exposed to elevated temperatures or an oxidizing atmosphere. They
can be made either directly as a straight-run virgin product, or they
can be made by the usual refinery techniques of cracking. The| cracked
materials are less stable.

There are no particular problems with storage or shipping.
The Interstate Commerce Commission has adequate regulations covering
these materials. Construction materials that are compatible include
most of the common ones -- steel, black iron, tin, magnesium, ind
aluminum. One must be a bit careful about the sulfur content of some
of these fuels. It can cause corrosion problems under some conditions.
The specifications, if I recall correctly, however, are pretty}low in
sulfur. The principal problem in storing and handliing these materials
is the explosive nature of the vapors. They are also to some extent
toxic, but this is not as serious as the explosion hazard. 3

I think all I need to say about the production of these
materials is that most any refinery can produce them in direct
proportion to the amount of crude which they have to process. These
materials can be made at the sacrifice of other products that are turned
out by a refinery. Perhaps the ideal situation would be to have one
betroleum hydrocarbon fuel that could be used for every conceivable
purpose. But we are not quite to that point yet; so we still Have to
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consider such things as aviation gasoline, motor gasoline, lubricants,
and diesel fuels in competition with the rocket fuel. As far as in-
formation is concerned, there has been much published on these materials.
Physical data can be obtained from any refinery and from many reports
that are in the hands of the milltary.

Performance of these fuels has been measured by North
American, the Wright Air Development Center, and the Navy. JP-X has
been worked on by Aerojet and WADC.

There is one additional topic which may be a little bit novel.
That is the production of slurries, wherein the fluid is JP-4, for example,
and the solid materials suspended may be metallic. Work has been done by
Reaction Motors, Aerojet, and M.W. Kellogg. Slurries of metal powders
suspended in hydrocarbon fuels have been considered and have been tested
with the objective of increasing range or thrust and getting superior
combination characteristice. Some of the metals that have been used are
aluminum, boron, and magnesium. Aluminum was eliminated finally because
of its tendency to form a molten exhaust product, aluminum oxide, which
would coat the parts of the motor. Boron gave indication of providing
increased range. I want to distinguish here between boron slurry in a
hydrocarbon and boron fuels, which will be discussed later. Magnesium did
not increase range particularly, but it did increase the thrust.

The major problem with metallic slurries is the difficulty of
stabilizing the suspension. The metal particles tend to separate out in
long storage. There must be some means provided for resuspending them
from time to time, especially Jjust prior to use. Surface-active agents
have been added in an attempt to improve the suspensions. Other problems
that are always attendant in handling slurries through pumps and valves
exist here also, such as errosiveness, tendency to clog, and sO One.

The magnesium slurries that were tested had a higher reactivity,
higher thrust potential, and higher impulse characteristics per unit volume
of the slurry. This would make them valuable, for example, in after-burners,
where maximum thrust is required for take-off. The 50-50 magnesium - JP-k

slurry is the result of a compromise between handling and preparation
characteristics and combustion characteristics. Not only have hydro-

carbon fuels been used in investigating slurries, but other fuels as
well, such as aluminum and JP-4, aluminum and ethylene oxide, beryllium
and nitromethane, boron and nitromethane, boron and JP-lt, boron hydrides
and JP-4, and magnesium and JP-L.
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4. Unsymmetrical Dimethyl Hydrazine (UDMH).

Hydrazine has been previously discussed as a moncpropellant
and as a fuel used with an oxidizer in bipropellant systems. Inlibi-
propellant systems, however, it is beginning to be superseded by UDMH,
a fairly recent development.

Figure 15 shows a comparison of some properties of UDMH and
hydrazine. The main difference is in the freezing point, minus 72°F for
UDMH and 35°F for hydrazine, an obvious advantage for UDMH, Figdre 15
shows that the density of hydrazine is higher than that of UDMH. | So there
might be certain cases where hydrazine would be used in preference to UDMH.
For most operational uses, however, UDMH would be superior because of its
lower freezing point. The viscosity is higher, but this is st211 well
within the usable range.

Performancewise, UDMH is about 1 to 2 percent lower with
most oxidizers than is hydrazine. Its density is reasonably high, and
1ts storage properties are good. It is used as an additive with JP-k,
and it has excellent combustion properties. UDMH is hypergolic with
nitric acid and might replace aniline, which is used with nitric acid
primarily because of its hypergolicity. UDMH with white fuming nitric
acid has a specific impulse slightly over 240 compared with abcut 220
for aniline.

UDMH is flammable and fairly toxic. It is insensitive to
shock but should be stored below about 120°F. Most common materials,
iron and steel, nickel and aluminum, are satisfactory for use with UDMH.
Among the plastics, Teflon, polyethylene, asbestos, glass, and wobd are
used. Rubber and necprene are not recommended. :

The production method is unknown to us, but at the present
time it is available in the range of price of about $4.00 to $6.00
per pound from Olin Mathieson, Aerojet-General, and Metalectro.

Both North American and Aerojet-General have done important rocket
development work using UDMH,

A rather recent development is the use of a mixture of

UDMH with diethylene triamine (DETA). The mixture of 60 weight per-
cent UDMH - 40 weight percent DETA has been propesed as an alternative
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to ethyl alcohol - water mixtures. This particular mixture hes about
the same density as ethyl alcohol - water mixtures and yet glves about
about 20 percent higher performance than does ethyl alcohol with liquid
oxygen. Its specific impulse with liquid oxygen is about 275, while
that of ethyl alcohol is of the order of 2kO0.

There are other advantages besides performance. The
mixture is somewhat less toxic than UDMH. Also, DETA is much cheaper
than UDMH, so that the mixture, of course, would be cheaper as well.
Information sources on this mixture are Westvaco and North American.

5. Ammonia.

Ammonia is a very important industrial chemical and is
available in large quantities. It has one great disadvantage as far
as rocket fuels are concerned in that its boiling point is minus 28°F.,
In other words, it has to be handled in much the same way as liquid
oxygen or liquid fluorine. It has a fairly low density, 0.7 g/cu cm,
but it has some advantages, one of which is that it is stable. The
toxicity problem of ammonia is not too great. It is toxic, but it is
detectable at concentrations considerably below the limit at which it
becomes toxic. The human nose is a reliable detector in this case.

One of the characteristics of ammonia is its solubility
behavior. It is extremely soluble in water. Among the more common
gases it is the most soluble, about 30 percent, at normal pressure and
temperature. It is also a good solvent. It will dissolve materials
like sodium, potassium, calcium, and lithium. I mention these metals
because these materials themselves (sodium, potassium, lithium) are
potential high-energy fuels. But they are metals, and when dissolved
in ammonis & liquid system is obtained. In fact, there has been a lot
of work done in the past with these particular metals.

Corrosion is not much of a problem with ammonia. The
materials which should be avoided are copper and tin, because ammonia
will dissolve them. Normal steel and glass are perfectly acceptable
to use with ammonia.

Ammonia is made commercially by the classic Haber process.
This is a high-pressure catalytic reaction between nitrogen and hydrogen.
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This process was developed in Germany prior to World Wer I and s{xpplied
Germany with a source of nitrates for World War I. In fact, many people
say that without the Haber process World War I would not have been fought.
In effect, this process has made every country in the world independent
of Chilean nitrate, an important economic, as well as military, fact.

The problem is not so much one of a method to produce it as one of
getting raw materials. Hydrogen is available in large quantitieis. It
can be produced from carbon monoxide and water by a catalytic process.
That is probably the way most of the hydrogen is made for ammonis sys-
thesis. Nitrogen is produced from the air. Both raw materials are fairly
cheap and are readily available. The production in this count:cy | amounted
to approximately 4 million tons last year, which makes it one of our larg-
est chemicals. |

i
|

A number of companies have recently built ammonia plants to
fulfill the demand for liquid ammonia as a fertilizer. Almost every
chemical and oil company produces liquid ammonia. 0il companies became
interested because they have & great deal of hydrogen left after ‘their
refining operations.

Ammonia plays an especially important role in the 1odket fuel
program because the commercial process for nitric acid uses amonia as
a principal raw material. Almost all nitric acid is made by the lcatalytic
oxidation of ammonia. Therefcre, nitric acid production is tied to ammonisa
production. '

As previously mentioned, an important disedvantage of hydrazine
is its high freezing point. Since ammonia is similar to hydrazine and,
in addition, has a lower freezing point, the two should make a good come
bination. An attempt was made to produce & composite Puel of these two,
but the result was not too satisfactory. The melting point can ﬂ_e lowered
to about minus 30°F with such mixtures. However » the boliling poiLnt is
lowered to a point between zero and T0°F. The addition of ammonia to
hydrazine does not particulerly extend the liquid range but does lower it.
The specific impulse for this system is of the order of 260 to 270 sec
depending on the oxidizer used. |
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6. Boron Compounds.

The next class of compounds to be discussed is the boron
compounds, three groups of which have been considered for rocket fuels.
These are the boranes, their organic derivatives, and their metal
derivatives. The boranes are compounds that are analogous to hydro-
carbons, such as diborane, B ; tetraborane, BhHl ; pentaborane, B:H,;
and hexaborane, Bghhjp. Their orgenic derivatives are compounds sucg gs
methyl borohydride, CH3BEH , while their metal derivatives contain com-
pounds such as aluminum bofohydride, Al(BHh)3, or lithium borohydride,
LiBH), . Conceivably as many as 100 boron compounds could be considered
in these categories. Their melting points range all the way from minus
165°F for B to 275°F for lithium borohydride. The boiling points range
from minus 92°F to 213°F. A wide temperature range in which to select a
compound is available. Densities are in the order of about 0.6 g/cu cm
for this class.

Most of the interest centers about one or two of these
compounds. Diborane, which perhaps has received the most interest, is
a gas at room temperature and atmospheric pressure. It is important
because it is the intermediate compound from which all the boron compounds
are made.

The source of boron compounds is borates, most of which are
located in California. The ores contain primarily sodium borates and
calcium borates, in the form of borax, kernite, colemanite, or ulexite.
There are other sources of raw materials widely distributed throughout
the world. The US is fortunate in that the California deposits are
more concentrated than those of other countries. Europe has quantities
of boron compounis.

In producing the desired boron compounds from the boron ores,
certain materials are important intermediates, and these are, as they
are encountered, boric acid, boron trifluoride, and diborane. The boron
ores are treated with sulfuric acid to produce boric acid. The boric
acid can be processed one of two ways to produce boron trifluoride, EF3,
which is reacted with lithium hydride to produce diborane, B2H6. The
diborane is then converted into the desired compound through various
processes which differ with the end product desired.
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In the process route sketched above, the production of borie
acid is quite simple, but a great deal of industrial know-how goes into
the production of BF,. The problems encountered in its production are
formidable, and any éountry'would have difficulty in solving them.

One of the two processes uses fluorosulfonic acid, which is not 'la readily
available material. The other process uses calcium chloride %o produce
the boron trichloride. The lithium hydride required to produce diborane
from BF, is an expensive material which takes a lot of power 1o produce.
Most of”“our producers of lithium hydride are located near Niagare Falls.
Three of the interesting end products which are produced from diborane
are BgHg, derivatives of BsHjj, and aluminum borohydride. These liquid
compounds are stiracting considerable attention in this country.

The Department of Defense and its contractors are quite
reluctant to discuss or release information about horon compounds, and
consequently it is difficult to obtain information. If anyone has any
further interest in this field, he can obtain information from the
Bureau of Aeronautics upon demonstrating the proper need to know. Some
of the research on the properties of these compounds is being conducted
by the Naval Research Laboratory, the University of Chicago, the University
of Pittsburgh, the Carnegie Institute of Technology, and the MNational
Bureau of Standards.

One dilsadvantage of boron compounds is that they give solid
decomposition products which are undesirable from & heat transfer point
of view. As far as performance with liguid oxygen i1s concerned, the boron
compounds have a specific impulse of about 310 sec compared with 275 sec
hydrazine. In spite of high cost and Inherent difficulties, their superior
performance is the reason why boron compounds have been given sd much
attention.

T+ Liquid Hydrogen.

We find in looking over a table of computed specifilic impulse
values that liquid hydrogen is about the only propellent that comes close
to meeting the ideal performance characteristics (specific impulse gresater
than 350 1lb-sec/1b). It has a specific impulse of asbout 375 with fluorine.
The density of liquid hydrogen, however, is approximately 0.07 g/cu cm,
which is about one-twelfth that of water. Therefore, you are faced with a
density impulse of less than 100, which means that you need exceedingly
large tanks to handle the large volumes of hydrogen required.
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I would like to meke one more point as far as judging pro-
pellants is concerned. We have been talking about "specific impulse"
and "density impulse" throughout our discussion. Although these are
convenient methods for the chemist to use in evaluating a propellant, it
is necessary for an accurate over-all evaluation to run a complete
systems analysis for the particular mission that you wish to perform.

In meny cases the over-all cost will come out very close for a number of

propellants ranging considerasbly in specific impulse, cost, and other
factors.

There is some consideration at the present time of the use
of liquid hydrogen for applications that are not volume-limited. One is
the use of hydrogen in air-breathing engines for high-altitude alrcraft.
For altitudes of 100,000 feet or more, the airplane has to be very large
in order to provide the required wing area; hence there is a large tank
volune available. Since ordinary jet fuels will not burn at this altitude,

there is some speculation that liquid hydrogen might find application in
this aresa.

An estimated cost of $10.00 to $20.00 per pound was mede by
Aerojet in 1950. At that time AerojJet had a small plant producing about
00 liters per hour. There were & few other research organizations producing
liquid hydrogen. The University of Chicago, the University of California,
and Ohio State University produced liquid hydrogen on a research scale.
There have been some estimates of $0.30 to $3.00 a pound for large-scale
hydrogen. However, I think it is important to consider what Aerojet stated
in 1949: "Considerable design and operating experience with new expansion
engine cycles will be required before completely satisfactory high-capacity
production plants can be built.” At that time, Aerojet estimated that a
2,500-pound-per-month plant, 8till a relatively small plant, as far as
rocket propellants go, would cost approximately $100,000.

The organizations that have done the major portion of work
with liquid hydrogen are the Herrick L. Johnston Enterprises, the
Aerojet~General Corporation, the Chio State University Cryogenic lab-
oratory, the Unilversity of California, and the University of Chlcago.

Hydrogen has the disadvantage also of having explosive

characteristics with air or oxygen, but the major disadvantage is its
extremely low denslty. This is the penalty that you have to pay even

though hydrogen systems have exceedingly high performance.
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8. Summary of Fuels.

Aniline is an operational fuel with good storage charac-
teristics, although it exhibits only moderate performance, Until very
recently the 75 percent ethyl alecohol - 25 percent water system was
considered for use in the Redstone missile, an intermediate-range
ballistic missile system. As previously mentioned, there ie a poss-
ibility that this system will be replaced with the UDMH-DETA mi#ture,
which has essentially the same properties as the older alcohol-water
mixture with the exception of a higher performance., Petroleum fractions
are cheap and readily available. Hydrazine, because of its high freezing
point, is receiving less and less consideration with the present devel-
opment of UDMH. UDMH is increasing in popularity as a propellant, and
to date it has been living up to expectations. Ammonia is of current
interest as a high-energy fuel in the ammonia-fluorine system. It appears
that people would prefer ozone to fluorine, but to date they have not been
too successful in handling ozone. The ultimate cholce betweern ozone and
fluorine will depend on the outcome of research directed at controlling
the ozone decomposition reaction. Considerasble interest exists in boron
compounds, although from the performance values previously mentioned it
is evident that boron compounds are not the best rocket fuels. @here is
quite a bit of current interest in their applications to air-tregthing
engines. The Bureau of Aeronautics has sponsored a project Jointly with
Olin Mathieson and Callery Chemical Co. on the development of boron fuels.
There is information available under the title Project ZIP if you have the
proper clearance and need to kncw. High-performance liquid hydrogen is
not being considered too actively at present.

IV. Summary.
A. Chemicals,

I will summarize Just briefly the picture as far as chemicals are
concerned, and others here will take up materials in the sense that we
have considered materials today. We have talked about roughly 20 to 25§
different chemicals. Some of them are pure substances, some of thenm
mixtures, and some complex mixtures. We have divided them into several
groups: the monopropellants, the oxidizers, and the fuels, with about
the same number of compounds in each category. In discussing their
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sources, the raw materials fram which they are made, the chemicals which
go into the processes, and the manufacturing of propellants, we have
named just about every major industrial chemical.

Now, what one does with all of these materials when it comes to
a topic such as strategic control, I do not know. But it does point
out the fact that you will have to look closely and look at everything,
that there are no sources that can be overlooked, and that the information
which you need to do a good Jjob of control will be very detailed and will
have to offer very broad coverage of the fields.

Some of the materials we have talked about are items of commerce
today, and one might speculate that if we were to get into an all-out
effort against an enemy in the near future, we would have to make use of
these common materials. Many of the exotic materials are on the list
here because we are still looking for the ideal material which will lend
itself to the 5,000-mile range ballistic missile. This calls for the
utmost in dependability in performence and dependability in storage
because, as far as we know, if we ever use missiles of this type against

“an enemy, we would probably have to launch them on very short notice,
which would mean having them in substantially a ready state.

We have talked about materials that cost from about a few cents
a pound up to many dollars per pound. Here again, for conventional
tactical use, we are interested in materials that have a reasonable price.
But for this one big clincher that some of us are concerned about, cost
is no object. I think that as far as chemicals are concerned, this pretty
well sets the extremes.

I want to repeat that there is much, much more information that
can be given in the areas that we have covered here today. It is a
question of time to get it together and to analyze it. It is to be hoped
that all of these compilations and analyses of information will be com-
pleted some day, so that we will have a current picture of where we stand
and where we are going. The field of rocketry is a recent field and has
not yet developed to the point where one would anticipate a high degree of
stability.
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B. Nonmetallic Materials.

The following list summarizes the nonmetallic materials that are
compatible with various propellants:

Amine Mixtures.

Polyvinyl polymer plastics may be used.

Armonia.

Ammonia is compatible with most materials that withstahd the
temperature of liquid ammonia; however, ammonia is not compatible
with wood.

Aniline.

Koroseal, Vinylite, Teflon, and Tygon are compatible.
Aniline exerts & solvent action on most greases and lubricants.

Boron Compounds.

Information may be available from the Navy Bureau of Aéronautics
under Project ‘
Ject I )5y 17242

Ethyl Alcohol.

Ethyl alcohol is compatible with most substances that are
not oxidizers as well as with substances that are not affected by solvents.

Ethylene Oxide.

Nylon, Teflon, G.E. silicon rubbers, and glass are used.
Molybdenum sulfide is used as a lubricant and thread compound. Kel-F
is unsatisfactory.

Fluorine.

No good nonmetallics have been found except "cintanium”
cermet (TiC-Ni), which is used for seals.

Hydrazine.

Polyvinyl chloride and polyisobutylene plastics, natural rubbers,
and low-sulfur buna rubbers may be used.
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Hydrogen.

Teflon valve seats, asbestos gaskets, and O-ring seals (if
kept warm) may be used.

Hydrogen Peroxide.

Polyethylene, Kel-F, and polyvinyl chloride are suitable for
gaskets. Fluorolubes, halocarbon oil, and perfluorolubes are used for
lubricants.

Jet Fuel (JP-4).

Buna N rubber is compatible with JP-k.

JP-X (Jet Fuel - UDMH Mixtures).

Teflon and Butyl rubber may be used with JP-X.

Liquid Oxygen.

Ground mica powder, nonlubricated asbestos, unplasticized
grades of Kel-F, Santa Susana sealer (fluorolube, molysulfide, and
powdered lead), oxyseal, and weter glass cements have all been used
with liquid oxygen. Nonmetallics must be screened for impact sensitivity.

Nitric Acid.
Teflon gaskets are satisfactory.

Nitromethane.

Bakelite is compatible with nitromethane.
Ozone.
Teflon, Kel-F, polyethylene have been used.

Propyl Nitrate.

Teflon, polyethylene, nylon, dacron, orlon, Mylar, bekelite, and
Kel-F are satisfactory.
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Tetranitromethane.

Tetranitromethane is compatible with organic materials.

UDMH.

Polyethylene, Teflon, Garlock 735, Mylar, Stoner, BS-55
(2 butyl rubber), vermiculite, asbestos » glass wool, and magnesium
are compatible with UDMH. No lubricant is recommended at present.

The following additional information on Teflon and Kel-F,
two very important materials in the liquid propellants Picture, may
be of additional value:

Teflon.

Teflon is a polymerized fluorine-substituted hydrocarbon,
polytetrafluoroethylene. It is chemically resistant to most materials
except molten alkall metals and fluorine. It is nonflammable, and its
heat resistance continues upward to 500°F. Teflon has excelleat machining
qualities. It is made from fluorospar and chloroform. Hydroflubric acid
is first made from the fluorospar and is pyrolized with chloroform and
then by high temperature and pressure polymerization to achieve the final
product. Teflon is available from Du Pont, Gering Products, Resistoflex
Corporation, and the US Gasket Co. ‘

Kel-F L]

Kel-F is another substituted hydrocarbon that has been used in
handling liquid propellants. In this case, three fluorine atoms and
one chlorine atom are substituted in ethylene, polytrifluorochl.oroethylene.
It is resistant to most everything except halogenated organic solvents.
Kel-F is quite resistant to both acid and alkali. It is nonflemmable, and
its heat resistance continues up to 390°F. Kel-F will break down at a ‘
point somewhat below 600°F, and it has exéellent machining qualities. It 1
is available from the four companies mentioned sbove as manufacturing
Teflon. In terms of comparable rubber and Plastic materials, toth Teflon
and Kel-F are fairly expensive materialg -- especially when large
quantities are required.
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C. Metallic Materials.

In summarizing the metal requirements, it should be pointed out
that the metals have been discussed only from the point of view of their
use in the production and storage of the propellants. No mention has
been made of the actual metals which might be required inside the engine
itself. Metals are discussed here only in terms of the conditions to
which they are subjected in processing and in storage. It is obvious that
the metal in an engine may be subjected to conditions more extreme than
those in the production or storage of the propellant.

The materials that were considered have been fairly common, such
as steel, stainless steel, and nickel. Some special materials such as
Monel, Inconel, copper, and aluminum have been used largely because of
special corrosion problems or low-temperature considerations.

D. Miscellaneous.

This section will attempt to define the problems being faced in
applications, particularly with the most common propellants.

Among the monopropellants, hydrogen peroxide is overcoming &
production problem. The electrolytic process, used for production up to
now, requires a high capital investment and high power cost. It is
gradually being replaced by a noncatalytic organic synthesis process which
requires lower capital costs, simpler plant operation, and less electrical
energy. The propane-oxidation method of Shell is also replacing the
high-cost electrolytic process. In the production of hydrazine, still of
fair importance among the monopropellants, engineering know-how is the
most critical problem.

Among the oxidizers, liquid oxygen faces problems of trans-
portation and storage. With nitric acid the high corrosion rates with
many of the materials is the problem. Ozone and fluorine are not suf-
ficiently used or known in their applications to meke it possible to say
anything more than that ozone is very sensitive and that, of course,
fluorine is very toxie and very corrosive. Tetranitromethane has extreme
shock sensitivity.

Among the fuels, ethyl alcohol presents no problem except its
denaturing requirements. With JP-4 a problem exists in its application
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with nitric acid. There have been serious combustion rroblems,
Principally with combustion instabilities. UDMH is still s high-

cost material. Ammonia, being a liquefied gas, presents pProblems in
transportation and storage. Hydrogen, another liquefied gas, @o have
any real applications, will need a great deal of engineering effort to
develop proper equipment and proper process for production. The boron
compounds are still expensive and scarce, and handling is a big problem.

E. BSources of Information.

Before I discuss the sources of information on 1iquié. propellants,
I would like to mention one other application to correct any mﬂsappre-
hensions that you might have about hydrogen peroxide. Peroxide definitely
is an operational propellant both as an oxidizer and as s mor.opropellant.
It has certain handling difficulties that require complex passivation
Procedures be used on all equipment in contact with the peraxide. However,
both the British and the US Navy have been interested in percxide. The
Germans were very successful with it in World War II. In fact, they
developed submarines at that time which would develop 25 knots, but they
were not able to produce enough peroxide to operate them. The ma jor
applications of monopropellant hydrogen peroxide today is in gas generators
to drive the turbopumps in large rockets such as the Redstone and Atlas
missiles. A novel application that furnishes an idea of the ambunt of
thrust developed in a rocket motor is the ROR (rockets on rotor) appli-
cation of hydrogen peroxide for augumented thrust on helicopters. Here
a small rocket engine is mounted on each rotor blade. The engine is about
5 inches long and consumes 3 pounds of peroxide per minute to develop a
thrust comparable to 40 horsepower.

Some of the people who are interested in ligquid propelldants are:

1. Department of Defense.

The Office of the Assistant Secretary of Defense for Research
and Developuent, the Technical Advisory Panel on Fuels and Lubricants, of
which Mr. Don Brooks is the secretary. ‘

2, Armed Services Representatives.

Representing the Air Force is (a) Wright Air Development
Center, Wright-Patterson Air Force Base, Ohio; (b) Western Development
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Division of the Air Research and Development Commend at Inglewood,
California; and (c) the Office of Scientific Research of the Ailr
Research and Development Commend at Beltimore, Maryland. At WADC,
Mr. Marc Dunem is Chief of the Fuels and Lubricants Section of the
Power Plant Leboratory. His symbol is WCLPF-3. The propulsion
section of WDD is under the direction of Colonel Lawrence Ely, whose
symbol is WDT.

3. Government Contractors.

The Aerojet-Genersl Corporation; Experiment, Inc.; Cali-
fornia Institute of Technology, Jet Propulsion Laboratory; Reaction
Motors, Inc,; Metalectro Corporation; Bell Aircraft; Ceneral Electric
Corporation; North American Aviation; Air Reduction; Buffalo Electro-
Chemical Co.; Olin Mathieson; Phillips Petroleum; Westvaco Chlor-
Alkali Division; Wyandotte Chemical; and various aircraft and petro-
lJeum companies.

Princeton University, New York University, and Armour
Research Institute have done considerable work on ozone. Battelle
Memorial Tnstitute is compiling information on liquid propellants and
preparing the Liquid Propellants Handbook* for the Armed Services.

F. Propellant Systems Used in Various Missiles.

The following list summarizes the propellant systems for a
number of missiles:

Atlas (long-range intercontinental ballistic missile).

Air Force. Liquid oxygen. Kerosene (a special West Coast
blend of kerosene).

¥ Distribution of the Liguid Propellants Handbook is controlled by
the Navy Bureau of Aeronautics. Requests for coples should be sent to

Department of the Navy
Bureau of Aeronautics

Ships Installation Division
Washington 25, D.C.
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Corporal.

Army. Red fuming nitric acid and a mixture of 46.5 percent
aniline, 46.5 percent furfuryl alcohol, and 7 percent hydrazine.

LAR

Navy. Red fuming nitric acid and a mixture of hydrazine-ammonium
thiocyanate. Tests are being run to determine the feasibilﬁty of
using UDMH as a fuel for the IAR.

Nalar.

Red fuming nitric acid - turpentine.

Nikq.

Army. Red fuming nitric acid and a mixture containing BB percent
JP-4 and 17 percent UDMH.

Rascal.

Air Force. White fuming nitric acid - JP-kL.

Redstone.

Army. ILiquid oxygen and a mixture of 75 percent ethyl alcchol
and 25 percent water. There is a possibility of replacing the
alcohcl-water mixture with a mixture containing 60 percent U$MH and
L0 percent DETA (diethylenetriamine).

Viking.

Navy. Liquid oxygen and the 75 percent ethyl alcohol - 25
percent water mixture.
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APPENDIX A

DISCUSSION AND QUESTIONS
(LIQUID PROPELLANTS )

2sx1aa [N

I would like to get an idea of the size and type of pumps being
used in, say, these large intercontinental missiles. How do they get
the large volume of both fuel and oxidizer down from the tank?

25x1A5a1

Maybe someone in the avdience can give you a better answer, but I
have seen pumps that have suction throats sbout a foot in diameter
through which something like liquid oxygen is pumped at a very high rate.
This does not answer your question very specifically, but the pumps them-
selves are turbine driven, generally, and are quite large centrifugal
pumps. I do not think we have anything more detailed than that here.

With that type of pump, what are the special materials or what is
the special design that the boys who are in these export controls might
try to spot in case they were brought from the outside, from the West?

2sxinsat

As far a I know, such pumps are all specially manufactured, and they
are, of course, highly specialized in design. I do not know enough about
them to give you much more information than that. The companies that are
in the manufacturing business and in experimental rocket research are
also making these types of devices, North American, derojet, and so on.

They are not a normal commercial item?
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As far as I know, the answer to that is "No."
Mr. Kelston:

They could not very well depend upon outside sources.

25xiAsat

Well, of course, they do have the contracts for manufacturing the
power plants, too, so that they either have to make them or have to
subcontract for them.

lt_dr_._l(elston:

The Bloec would have to have its own sources. The Bloc wculd probably
not depend on imports for vital meterial of this type.

gg. Kelston:

T do have a question. How much of your information comes under
SECRET label? 1In a general way, can you give me some indication of how
much comes under & SECRET label and how much is just general information?

25x1a5a1

Most of the classified information that we use is CONFIDENTIAL.
Very little of it, maybe a few of these things about applications
and so on, and information on boron compounds, perhaps, would be
SECRET. Most of the physical properties data are UNCLASSIFIED. We
made no concerted effort in collecting information for the Seminar to
distinguish between CLASSIFIED and UNCLASSIFIED.

Mr. Kelston:

You have mentioned some preparations of fuel mixtures -- afe things
related to UDMH and DETA classified as CONFIDENTIAL? ‘
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Data on these mixtures are CONFIDENTIAL; however, the ethyl alcohol -
water system compositions and some of the older performance data are
public knowledge.

Mr. Kelston:

I just do not want to feel that everything I have heard here is
SECRET, especially since some of it has appeared in the public press.
We were bound to secrecy, and I think we ought to have some indication
of what is the real classification of the data.

25x1A521 N

I might Just add a word to that. A lot of this informetion was
derived from the work we are doing on the propellants handbook which
hes & classification of CONFIDENTIAL. And by the very nature of that
work, we are not dealing with a lot of SECRET information although we
are cleared for it.

25x1A5a1 |

The material in the Liquid Propellants Handbook 1s thoroughly
referenced, so that it 1s very easy to determine its classification.

Mr. Frank Boffola:

I would like to get a little additional information on peroxide.
While the Navy has been using this material, there have been no serious
accidents. You mentioned that its present use is for the power produced
in the gas generators.

25x1Aa1

I meant to imply that the major monopropellant use was in gas
generators.

Mr. Boffola:

Right now, if present programs carried on by the Navy materialize
and are successful, they will need several million pounds of peroxide
a year. It seems that additional facilities will be needed.

- 55 -

5-E-C-R-E-T

Approved For Release 2000/05/22 : CIA-RDP62-00328A000200030001-1



Approved For Release 2000/05/22 : CIA-RDP62-00328A000200030001-1

S-E-C-R-E-T
25X1A5a1

Are you talking about both monopropellant and oxidizer applications?

Mr. Boffola:

Our present use is largely as oxidizers.

25x1a%a [N

To what extent are the liquid propellants being displaced by the
solid propellants? I think you did mention superperformence. North
American was probably what you were referring to.

25X1A521

I do not think that there is any displacement of solids by liquids
or liquid by solids per se. There are fairly definite areas of
applications of each of them, and the areas of competition -- that is,
the regions of competition -- are not large. For example, you will find
solid propellants very useful for artillery-type projectiles, for short
burning times, and for rather short range. There have been only very
minor applications of liquid propellants in this particular area. In
the same way, for long burning times in ballistic missiles, for fairly
long burning times for some antiaircraft applications, and in other
applications where burning times range from % minute to 2 to k4 minutes,
we are talking almost entirely of liquid propellants. However, in
some intermediate areas there is an overlapping of application, and
for some very specific reason you might want to use 1liquid propellants
where before you had used solid propellants or vice versa. There are
even extreme applications of solid propellants for rather large ballistic
missiles primarily for reasons of storage. Honest John is one of them.
One of the Redstone developments is a rather large solid propellant
rocket which has a range of about 150 miles. But this again is |a rather

extreme application.

Thus there are areas of application which are defined primarily by
burning time. The solid propellants are applicable for short bdrning
times and the liquid propellants for long burning times. There is a
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middle range where one or the other could be used. But there has been
no replacement, to my knowledge, in any developed missile or developed
application where a liquid would replace a solid or vice versa.

2

What would you consider a long storage time for a product of that
kind? For instance, with nitric acid -- 1 month, 6 months, 3 months?

25X1A5a1 _

We are talking right now about the order of 1 to 2 years for the
longest time. However, these times are difficult to achieve with
liquid propellant rockets without surveillance. And, of course, this
is where solid propellants have an advantage over liquid propellants.
That is, 2 or 3 years' storage in ready condition is not uncommon for
& solid propellant.

25X1A5a1 I

Six months is about the time they would like to store propellants
for the Nike. At present the acid is being changed at 6-week intervals.
One other point that makes the liquid propellant rocket of interest for
a shorter range application is the varilable thrust which you are able
to obtain with a liquid propellant rocket that you can not get with a
solid propellant. This is the primary reason why the Bureau of Ordnance
is still interested in a liquid propellant engine for the ILAR, an anti-
aircraft missile.

Unidentified:

Yes, both on and off (discontinuous) end varisble thrust.

25x1A5a1

This on-and-off characteristic is particularly important in such
applications as superperformance 1ln aircraft where short-time power
is wanted. This cannot be done with a solid propellant.

- 57 -
S-E-C-R-E-T

Approved For Release 2000/05/22 : CIA-RDP62-00328A000200030001-1



Approved For Release 2000/05/22 : CIA-RDP62-00328A000200030001-1

3«E=C~R-E-T

XA

Are there further questions?

I would like to alert the group to one thing. We were talking
today about liquid rockets. The group tomorrow will be talking about
solid propellant missiles, There is an intermedlate area called the
hybrid which involves both solid and liquid. There are examples of
hybrids using a solid oxidizer and & liquid fuel, and also the other,

a solid fuel and a liquid oxidizer. I thought this should be mentioned
to help round out the picture and perhaps glve you a transition between
today and tomorrow. ‘
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TURBOJET

DIRECTION OF FLIGHT

COMBUSTION CHAMBER

Figure 3

ROCKET

DIRECTION OF FLIGHT

LCOMBUSTION CHAMBER

Figure 4
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V-2 MOTOR

Flange for
main fuel valve

Nipple for
oxygen feed line

Head element

Head of the
combustion unit

Thrust support

Lower section of the
combustion unit

Film cooling rings

portion of nozzle

Figure 6

- 69 -

S-E-C-R-E-T

Approved For Release 2000/05/22 : CIA-RDP62-00328A000200030001-1



Approved For Release 2000/05/22 : CIA-RDP62-00328A000200030001-1

S-E-C-R-E-T

PRESSURIZED BIPROPELLANT ROCKET SYSTEM

PRfSSURE REGULATORS

—

<. CONTROL VALVE

FUEL TANK

OXIDIZER TANK

GAS PRESSURE
TANK

\_/

VALVE

VALVE

ROCKET
MOTOR

Figure 7
-T1 -

S5-E-C-R-E-T

Approved For Release 2000/05/22 : CIA-RDP62-00328A000200030001-1



Approved For Release 2000/05/22 : CIA-RDP62-00328A000200030001-1

S-E-C-R-E-T

PUMP -TURBINE BIPROPELLANT ROCKET SYSTEM

PRESSURE REGULATORS

\ '

iy R

—— e

FUEL TANK

OXIDIZER TANK

GAS
PRESSURE
TANK

GAS
GENERATOR

11

TURBINE

VALVE

VALVE

ROCKET
MOTOR

Figure 8
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PERFORMANCE OF SOME MONOPROPELLANTS
(AT 300 PSIA CHAMBER PRESSURE AND 14.7 PSIA EXHAUST PRESSURE )

Ter F lgp, SEC p1 sp
90% HYDROGEN PEROXIDE 1360 132 190
ETHYLENE OXIDE 1740 159-168 146
N-PROPYL NITRATE 1840-2140 165-170 180
ETHY(:.O// :?PR(:?#LT ur:ETRATE 2241 180 196
NITROMETHANE 3970 217 247
METHYLACETYLENE 2600 194 118
HYDRAZINE ;oo 169 170
PENELOPE™ 5070 223 320

* FUEL- OXIDIZER RATIO =1.10. Figure 13
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APPENDIX D

SOME ASPECTS OF SOVIET SOLID PROPELLIANT TECHNOLOGY

Nothing would please me more than to be able to give you "some
aspects of foreign solid propellant technology" -- as my presenta-
tion has been called in the agenda. Foreign solid propellant tech-
nology I know 1s meant to be Soviet solid propellant technology.

And, I repeat, nothing would give me greater pleasure than to be

able to give you an extensive review of the Soviet work. Unfortunately,
that which we know of Soviet solid propellant research and develop-
ment is very fragmentary, and much of it is speculative. Whereas we
enjoy a somewhat favorable position in the knowledge of Soviet liquid
propellant technology, this cannot be said for the solid propellant
ares.

We feel, however, that whatever information we have should be
disseminated, and our program to obtain more information should lend
some encouragement that the most that can be accomplished under the
circumstances is being done.

As I understand the purpose of this seminar, it is to assist those
of you who are charged with matters of trade and export to control the
flow of vital raw materials and products to the Soviet Bloc. Based on
what has been said here today and yesterday by the previous speakers,

I can say that with few exceptions there is little that the USSR needs
in the solid propellant area that it cannot obtain within the boundaries
of the USSR, or certainly within the Soviet Bloc.

The Air Technical Intelligence Center (ATIC) has been studying the
Soviet solid propellant picture on an intensified basis for more than
18 months. We have pooled our resources with the Navy, Army, and CIA
and, after a good look at the classified data, we have decided to
attack this problem through a thorough study of Soviet scientific
literature. This program has been undertaken by a qualified contractor
and 1s now nearing completion. It is too early, however, to draw any
firm conclusions from the study of this literature. We feel that the
findings must be integrated with the classified data that are available
before a convincing and reasonable assessment can be made of the Soviet
state-of-the-art in the solid propellant field.
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Let me point out reasons for my last statement that may not be
apparent to you. First, in our search of Soviet literature we¢ must
look into three principal areas: (1) the material which comprises
some portion of the finished propellant, (2) the scientist who con-
tributes to the Soviet solid propellant effort, and (3) the ipstitu-
tions where the research is conducted. Because propellant materials
are not single-purpose materials -- that is, they can be used; in
many nonpropellant applications -- careful analysis must be made of
research in a given material area to insure that the papers ate not
misleading in elther direction. Next, we search out all the papers
published by a particular scientist to determine again whether they
constitute propellant work per se or whether they have alternate }
applications but could also provide a propellant capabllity. }Finally,
we seek out the institutions where work of interest is conducted.

And here we have some of our greatest problems.

Whereas we can eventually assess the value of a group cf [papers
on a given material or chemical compound or reaction, and whereas
we can ususlly identify those scientists who contribute most [to the
work, it is difficult to determine and confirm exactly where this ‘
work is conducted. TFor example, institutes under the Ministqy of 5
Agriculture often have large military programs. The Centrel |Scien- :
tific Research Institute of the leather industry conducts research §
on nitrocellulose materials. Cases such as these, of courseg are :
relatively easy to identify when we are presented with the evidence, :
but you can readily see that there are far less discernible cases. i
It is here that we hope to integrate some of our classified data to 1
give us a more realistic picture and to help us identify otherwise
obscure work.

I should like to touch briefly on some specific propellants to
give you an appreciation of the extent of our knowledge of the position
of the Russians. We believe that Soviet technology in the double-
base propellant area -- nitrocellulose-nitroglycerin type --iis good
and perhaps equivalent to that of the US. This is not a statement
merely to credit the Russians with a capability equivalent to ours
because of the lack of positive information. We know that the Russians
exhibited a keen knowledge of double-base powder manufacture | during
World War II. Their cordite was a lower temperature and slower burn-
ing material than US compositions but was suitable for thelr needs.
They continued developments with double-base formulations, apd we know
that as of late 1951 the double-base material was the propzllant em-
ployed in several rocket missile designs. They also used 2 Qoublerase
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propellant in their seat-ejection cartridge of the MIG-15. In addi-
tion to nitrocellulose-nitroglycerin types, they have done some work
with the German type, dinitrodiethylene glycol - nitrocellulose.

At the present time we have practically no data on composite pro-
pellant formulations. We do have, however, an agsessment of the
Soviet capability to produce suitable binders. We know also of in-
tense Soviet interest in the inexpensive oxidizer, ammonium nitrate.
We have all kinds of indications that might lead us to assign to the
Russians the capability to develop a cheap composite propellant based
on ammonium nitrate. One thing is missing, and this is the positive
assurance that they have it in belng. We hesitate at this time to
make a firm estimate until we have had more time to integrate the
classified and unclassified data.

In spite of our limited knowledge of Soviet solid propellant tech-
nology, however, it is evident to us that, were we to possess con-
siderably more information, it would not alter the fact that there
is very little in this area in terms of propellant ingredients that
we could deny the Russians. In other words, there are very few in-
gredients of solid propellants known to us that the Russilans could
not produce in quantities sufficient to their needs.

The one area of propellants where the Russians may be suffering
from the lack of suitable raw materials 1s in the boron propellants.
An investigation recently prepared for the ATIC on boron resources
of the USSR and Satellite nations reveals that although the USSR has
a sizaeble reserve of boron ores, it does not possess ores that are
easily processed. For example, sodium tetraborate, or what is com-
monly referred to as borax, is almost unavailable to the Russians.
As you know, borax is the most desirable mineral from the point of
view of a suitable raw material for the high-energy fuel program.

In the USSR, borax is available only in the Crimean volcanic muds

in a concentration of 0.3 to 0.4 percent on a boric oxide basis.
Compare this with the US borax deposits of the Kramer area of Cali-
fornia or with the Searles Lake brines, where the BpO3 concentraiion
is over 2.8 percent. Aside from the wide degree of difference in
concentration, the Soviet borax deposit is such that concentration
beyond a technical grade is difficult.

Because of the low grade of borax availsble to the Russians, they
must pursue 1 of 2 alternative courses. The first alternative is to
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process their Inder Iake and similar deposits which are highl in BO
content -- an average of 25 percent -- but which consist of hany
different types of ores (11 in number), each requiring a different
method of processing. These processes consist of sulfuric acid or
phosphoric acid digestion for the magnesium borate mineral (ascharite)
or the carbon dioxide digestion of the magnesium-calcium borate
nineral (hydroboracite) as well as many other processes, each of
which is considerably more complicated and expensive than a simple
crystallization process to recover borax from brines or soluile salt
deposits. Their other alternative is to purchase refined horax on
the world markets, and I surmise from this seminar that the c¢ontrol
of this source is to some degree the decision of this audience. To
be sure, the denial of borax from the Western markets would not
bankrupt the Soviet high-energy fuel program -- and the ATIC |is
convinced that the Russians have a high-energy fuel prograrn based
on boron. It would merely make one Phase of their problem more
difficult. When one realizes that it takes 6.5 tons of refiizd
borax (sodium tetraborate plus 10 molecules of water of crystalliza-
tion) to produce 1 ton of a typical high-energy fuel on a 100 per-
cent theoretical efficiency basis, one can soon see the significance
of each shipment of borax which the Russians receive from Western
sources. The conversion process, of course, does not apprcach 100
percent by a large margin, and each shipment of borax whicl the
Russians receive, therefore, goes up in significance if we assume
that they are in an advanced development program.

I want to point out that boron compounds have applicatiom in
liquid rocket engines, in air-breathing engines such as turboljets
and ramjets, and for solid propellant compositions. Engery ih-
creases, in terms of heat content, as a result of their use can
be as high as 50 to 70 percent above the fuel that they wouldtre-
place, but from a practical point of view perhaps 30 percent hould
be a more realistic figure. In the case of aircraft this increase
is translated into increased range and, to a degree, into increased
velocity. In rockets it means greater thrust and therefore increased
range and velocity. But regardless of how we assign the performance
increase, the use of boron compounds can always be translatad into
a smaller and lighter weapon to accomplish a given mission.
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APPENDIX E

DISCUSSION AND QUESTIONS
(SOLID PROPELLANTS )

Unidentified:

I believe you said this morning that the USSR has been trying to
obtain nitrocellulose from us.

Mrs. McMurray:

When we were preparing the papers for presentation here, we were
given a list of questions to answer. One question was worded as
follows: "Since it is known that Russia has large supplies of high-
alpha-content nitrocellulose, why would they be trying to import it?"

Unidentified:

The question is, "Why should they have to?"

Mrs. McMurray:

I am guessing. It is nice to have a lot of it around. Cellulose
has many uses.

Unidentified:

Is there anything in the product that would cause them to have
to import it?

Mr. Reily:

We inferred from the questions directed to us that the importation
was going forward. Our only knowledge that this is the case is the
question directed to us. We can attempt to explain why it is true only
on the inference that it is.
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Mrs. McMurray:

I would also like to mention that I extracted a table from a paper
on the wood-cellulose supply situation and that the Munitions Board
estimated chemical salts suitsble for nitration purposes in 1955 (this
is in the US) at 1.5 million pounds, made up of cotton linters 200, 000
pounds; sulfite imports, 200,000 pounds; US sulfite production, L5, 000
pounds; and US sulfate production, 649,000 pounds. So, from t{;at table,
I would assume that we are importing sulfite pulp. ?

Mr. Reily:

I would 1ike to think of this meeting as serving to open a?very
close relationship which could exist between SPIA and each of you on a
considerably less formal basis in the future. In other words, we would
like to place ocurselves at your disposal. We have a large fund of in-
formation. We operate at the expense of the Government, and we would
1ike to serve the Government in as many ways as possible. We are close
geographically to your offices in Washington, being located 1n§Silver
Spring, and we would like to hear from you personally at any time with
any questions that we might be sble to help you with. 1

Unidentified:

You said that we had an adequate supply of solid propellants or

adequate resources to produce them?
Mr. Reily:
Yes.

Unidentified:

You meant raw materials -- or did you intend to include facilities
in that?

Mr. Reily:
I was thinking of raw materials when I said that, but some of

these are not on hand. On the other hand, as we tried to bringéout
in the discussion on manufacturing methods, most of the equipment

- 102 -

S5-E-C-R-E-T




Approved For Release 2000/05/22 : CIA-RDP62-00328A000200030001-1

S-E-C-R-E-T

required is not particularly unusual in nature and .should be readily
available, especially since it may come from noncritical industries,
such as candy. So I would say that, especially since we have ammonium
nitrate propellants which we could use to release perchlorate where
necessary, together with double-base propellants, it sppears that,
materialwise, we are in good shape. There have been a number of
different projections of neefls, so that the satisfaction of them would
depend on the accuracy of the projection. Materials, I think, are in
good shape. Equipment, I think, although it is not available in the
amounts needed for mobilization, could be made readily available. 1
think that would summarize what we think of it.

2ocinca R

Just as an idea of measurement for a perchlorate system, were
you talking in terms of 1,000 tons, or 10,000 tons, or 100,000 tons
per year, Just to give us some idea of quantity?

Mr. Psul:

Three million pounds a month.

Of perchlorates?

25X1A9%9a

Mr. Paul:
25X1A9a Of ammonium perchlorate, yes.

That is 20,000 tons a year.

Mr. Reily:

In their mobilization studies, the cast double-base industry is
25X1A9a talking in terms of 6 million pounds of propellant a month.

That is 36,000 to 40,000 tons a year.
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!E: Rei;z:

It depends so heavily on the sort of war that we might antibipate.
If it is a small-scale operation, we might fire ordnance rockets by the 5
thousands from fighter aircraft. With jet-assisted takeoffs, we would
find staggering needs for propellants. On the other hand, if it were
to be a one-shot operation, with an intercontinental ballistic hissile,
then, of course, we would cut it down to what is a large amount of
propellant for a single motor tut a very small emcunt per war.

Yes, that would make it easier to talk about. In World War II
the rate of demand that was laid on industry swamped us. It took us
3 years to get in plant, so that it would take us 3 years if we had
to start right now.

Mz: Britton:

I would say that in each of these processes which I have deécribed
and in many of the variations thereof, I cannot think of one that is
not continuously being redesigned within the limitations of what they
can do for continuous production. The continuous extrusion of solid
and double-base propellant anticipates a more or less automatic pro-
duction at the rate of 2,000 pounds per hour which could be flexible.
In other words, it could change with this war that we are talking sbout.
I believe that these continucus processes can be expected to go into
effect as the need is seen and could actually expand and contract with
the need. ?

The thing that has impressed me most in the things which you have
brought out in the past couple of days is that practically all of the
products which you are talking about, with very few exceptions, are
not articles of commercial production. You had gaskets of special
length, not normal. Of course, we do make some, but it is not "normal"

production.
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Mr. Reily:

Well, there are certain cases where this is true, but we brought up
a great base of solid propellant materisl availsble from items of commerce
by use of fertilizer-grade ammonium nitrate and any one of a large number
of synthetic elastomers from industrial work. We can supplement this,
then, by manufacture for wartime use only of perchlorates, for instance,
which certainly find limited application in civilian economy, and nitro-
glycerin.

One more question. Assuming that your rocket is designed for Thiokol
and perchlorate, could you mske a propellant of ammonium nitrate and
polyvinylchloride that would fit into that rocket and operate -- in other
words, interchange the fuels?

Mr. Reilz:

If the rocket were designed to accommodate a certain propellant, then
presumsbly you would taske something less if you were to substitute another
propellant. In other words, if you were to take a particular rocket
designed for the ballistic characteristics of a Thiokol-perchlorate pro-
pellant and then find that, although you had a large number of these
hardware items on hand, you coculd not load with the Thiokol-perchlorate
propellant, you may find that you could produce a satisfactory round
with an ammonium nitrate - butadiene rubber propellant. It would change
the ballistics to this extent: the ammonium nitrate propellant would
be a poorer performer. So it would reduce performance to that extent,
and it would reduce it further to this extent: the ammonium nitrate
performance in an optimum design would be one figure, whereas the ammonium
nitrate performance in a nonoptimum design, such as for another propellant,
would be another figure. Sc you would lose both in the performance of
the propellant, putting in the secondary performer, and from the fact
that you have a secondary performer in a nonoptimum design. However, that
would not say that it would be ineffective.

Your design, your rocket, your hardware are designed with certain
types of fins for any weight of rocket, propellant, and so forth that
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goes in there. If you change on that, is that going to mean =z #edesign
of the fins and all the rest of the things that go into a rocket?

Mr. Reily:

Basically, not. Naturally, the optimum design will give the optimum
performance. Now, as you modify, as you get away from optimum by sub-
stituting, you are going to get less than optimum performance by an
equivalent amount, usually not a significant amount, although to compare
Thiokol-perchlorates and synthetic rubber - nitrate, as you did, you
would find considerably less performance in the second propellant.

!E: Britton:

I might add, to carry this into the commercial applications: a little
further, that you would be in good shape on Thickol, which seils five
times as much liquid polymer or. the commercial market as it sells to
its Redstone facilities for use in propellants. Since Thiockol is cer=-
tainly a major contender for any composite propellant design, you would
be in very nice shape materialwise.

&. Reilz:

The worry we have for logistics is one where there would be a com-
petition. KNow the competition which Mr. Britton has just mentioned
would be between an ordnance item and, say, asphalt tile mastic. It
is quite plain that the asphalt tile mastic would have to be diverted.
The problem would be with sebacate plasticizer, which we find desirable
for the civilian economy in large quantities. The propellant ugse of it
represents a very small part of it. We also find it very widely used
in paint. So then, perhaps, under mobilization conditions, there would
be competition between the need for paint for ship hulls and the need
for propellants. Then you would have a competition within the mobili-
zation necessities. The resin binder situation is generally a com-
petition between ordnance use &nd pure civillan use.

Mrs. McMurray:

With some rockets which have been promising -- some of them
Service-accepted -- the development programs for propellants often
run parallel. For example, in a Terrier unit, which now uses al cast
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double-base propellant, & great deal of development work has been done
to produce a composite-type propellant which would be an alternate. In
the 2.75 inch aircraft rocket which is in Service use now, there is an
extruded propellant, double-base. A great deal of work has also been
done to qualify for that unit a composite-type propellant. So if there
were a real emergency, what I suspect would happen would be that both
types of propellsnts would be used. Ballistically, there might be a
little bit of difference, but I think that this could be taken cere of.

Mr. Britton:

Tn this case of the Terrier it is actually a sustainer design.
Both rockets were designed to plug into the same missile. You would
certainly expect the very minimum ballistics degradation resulting
from the interchangeability, assuming that each contractor would meet
the specifications required for the missile.

First, has any work been done for the use of polyethylene in solid
propellants?

Mr. Reily:

I do not know of any work that has been done. Polyethylene has been
considered in calculations and in projected systems. 1 have never
heard of a polyethylene propellant. The Reaction Motors group that
I mentioned earlier has frequently -- in making comparisons, say,
between their typical propellant, today -- based this on a poly-
ethylene binder. But, to the best of my knowledge, there has never
been a propellant, at least anywhere near experimental production
or consideration, based on a polyethylene binder. I do not know why .

I would like to ask the representative of the Air Force a question
about his statement about the self-sufficiency of the USSR. 1Is that
based on the raw materials, or is it also based on the equipment used
for the production, say, of the materials, that make up the solid
propellants?
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!E; Kenis:

I do not know. I think I might qualify that statement to rﬁad
"ingredients" rather than propellants. ;

Mr. Britton:

I do not believe that they would have a really tough time getting
a good deal of the equipment which they would need for making propellants
such as mixers. '

25X1A98 _ .

You are talking now about, say, the fabrication of propelladta -
that is, the mixing, kneading, and so on. ‘

Mr. Britton:

Yes, and also the motor, and the rocket itself, the case, an& EO
forth.

25X1A%a _

I am talking about, say, the equipment that is used to prodnée the
ammonia, the ammonium nitrates, and so on?

Mr. Kenis:

I think the question is a logical ome. I think there are some
sources of platinum for use im producing perchlorates. We have Ao infore-
mation as to what [ihez7 sell fQ£7. However, I think that I am%right
in saying that there is just as much platinum in the USSR, isn't there?
Their electrical energy is increasing -- is on a par with ours -- is it
not? i

Mr. Reily:

Regardless of availability of platinum, I do not think it is bn
item that any commerce would like to consider as expendable, and in
electrolysis considerable energy is required in going from chlora#e to
perchlorate. Platinum is used up at a relatively high rate and is
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essentially expended. I have socme figures -- although I do not have
them with me, unfortunately -- on the rate at which platinum would be
consumed in the manufacture of perchlorate under mobilization conditions,
and although it is a small number compared with the tons of ammonium
perchlorate, it is a very large number for platinum.

Unidentified:

The reason why I asked that is that platinum has a certain amount
of consumption in less vital industries where substitution might be
initiated.

Mr. Reily:

I was suprised myself when I saw the figures on the consumption
of platinum for chlorate oxidation just based on other platinum-based
catalysis where consumption seemed to be almost a technicality. I can
not recall the figures. If anyone would be interested in calling, I
would make them available.

ssx1a0a S

We have heard a lot about a lot of different types of rockets,
different types of fuels, a good many compoments of fuels, all of them
requiring plasticizers, and all of the rest of the things requiring
chemicals. You are going to get into a real logistics problem when
you get into that range of products. Reaction Motors group which is
designing a fuel with a specific impulse of 275 -- if they have got an
ideal fuel like that or theoretical equipment to develop it from rel-
atively available commercial products, such as acetylene, and could
standardize on that, would it be possible to redesign the types of
rockets so that they would all fit the same type of fuels? And is
that the ultimate which you are aiming at, to cut down on the number
of types of fuels, the large range of chemicals, such as you are
calling for?

Mr. Reily:

First of all, I referred to your earlier question which was related
to this. But you were talking about a number of items on hand, stock-
piles. Now, as far as a change of design to suit a higher performance
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propellant is concerned -- a design criteria background -- our under-
standing and knowledge of design parameters is certainly such that
optimum design could be mede for a high-performance fuel. We are
walting for an opportunity to have it available. We can certainly
make an optimum design arocund it. Now, simply, if a fuel cane along
which had this outstanding performance and if all other properties
were equal or even slightly worse than our other propellants, I am
sure that it would certainly be the fuel of choice for our missile
application. But there are an awful lot of "ifs" there. In other
words, it is a necessity that we have & number of systems now #ather
than a desire, I am sure. It is quite 0dd, actually, that the two
grossly different systems, double-base and composite, can run éo close
& race. They run neck and neck in performance and associlated properties
and have done so throughout the course of their development. I think
that it 1s remarkable.

25x1a02 NN

Why all the emphasis on high specific impulse? Why could not
the country use materials that they have with perhaps lower specific

impulse and use & slightly smaller load in the warhead but make more
rockets?

Mr. Reily:

One reason why we are after higher performance is that we have
got performance; so, as long as we have time, we might as well try
to have more performance. Also, there are applications which are
beyond our reach at the present time -- 1,500 miles, according to one
calculation that I saw, seems to be the outside limit for range for a
solid propellant ballistic missile at this time. So, if we could in-
crease our performance, maybe we could go 1,510 miles. 1In othef words,
we may, by achieving increased performance, be able to do things beyond
our reach at this time. -

I Just wondered if we were straining at a gnat there, tryiné to
80 another 10 miles when perhaps you could move your gun 10 milés closer
or make a few more missiles with the materials which you have on hand.
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You know that our friends over there do not polish and shine up their
gun barrels the way we do. They leave the outside pretty rough. They
want them to shoot, and that is all they care for.

Mr. Relly:
25X1A9a And it does not reflect light and give away thelr position either.

And I just wonder whether they could use the ordinary fuels and
oxidizers that are readily available to them and perhaps reduce the
load which they must carry and make more of them.

Mr. Reily:

I think perhaps part of the answer to that would be that, if you
cannot reach the enemy, it does not matter how large the rocket is
anyway, so that by increasing performance we may increase our range
and be able to stand back farther from him, presumsbly at & safer
distance. I do not think that it is an "all of our eggs in one basket"
proposition so much as that we Just want more than we have.

Mr. Britton:

This may come out a little clearer when you look in terms of
ajr-to-air missiles and surface-to-surface missiles. The thrust end
the impulse which is produced by a given rocket are very closely tied
up with the velocity that you can get out of it. And you just cannot
chase Mach 2 bombers with Mach 1 missiles. 5o performance becomes
very important in these applications as well as in the range applications
for bombardment purposes; and since our enemies are presumably trying
to get a8 high a performance as they can out of the weapons that they
are going to shoot at us, we need all that we can get.

Can the range be increassed by increasing the propellant charge?

25X1A9%9a
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Mr. Reilz:

Well, presumably, if they have more energy, we can take this out any
way we want. If we make the nozzle a little larger so that the g£as
escapes faster, then we can expect more velocity. If we keep it smaller
so that 1t is constrained, 1t will be in there lcnger and we can expect
more range. Presumably, if we have a better propellant, we can exploit
this advantage to suit ourselves. It is not a smooth inerease, however.
Iet us take another property of interest to us -- the burning rate -- the
rate at which a propellant will burn. If it burns at 1 inch per second,
at 1,000 pounds per square inch chamber pressure, it is a pretty good
propellant. We have some available that burn 4 or 5, though. 'We spoke,
however, of the limitations of an end-burning charge, this being our
smallest surface, the end of the cylinder. We cannot get enough gas
off it at the rates of propellant consumption available to us ﬁow to
get the sort of performance we want. If we could increase our burning
rates enough so that we could design a usable end-burning propellant,
the increased loading density which we could get would enable us to
get much more propellant into & case since we would not have té have
perforations through the grain. Having that propellent in the |case,
we could expect the thing to go much further if we could get tﬁe gas
off the end surface at a sufficient rate. Here is a case, therefore,
where you do not advance gradually. The next advance lies here. As
you -approach it, you are getting no better off. But when you éet to
it, then you have free sailing. So we have the ultimate which lwe
seek, as well as Just pushing the front forward. We have real |goals
on the way. '

2sx1a0a [ HEEEEEEEE

In relation to that, is there research being supported on investi-
gating the combustion -~ I mean the fundamentals of combustion, not the -
burning rates and all that? ‘

!{:;Beilx=

I appreciate your asking that. I am sure that you have sensed
from my own conversation that at least a personal opinion of mine is
that there certainly is not enough. And if I had a single point to
make in this talk, it was that there is not enough basic research.
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The answer to your question is "Yes." There are programs studying the
basic mechaniems, the fundamental physics, and the thermal chemistry

of combustion. This is difficult work, however, and the number of
scientists available for it is quite limited. We must make every effort
to do imaginative work in this area.

Mr. Britton:

It might be added as a light of hope in this basic research problem
that ONR called a conference last week of all people who are interested
in the light metal additives, particularly boron. They were represented
by both university and industrial contractors, as well as government
organizations letting contracts in this field. They are trying to organize
an integrated program which will come up with the fundamental high-tem-
perature equilibria data that they need in order to exploit these light-
metal additives from the point of view of design. But it is. far from
complete, even at turbojet and ramjet temperatures, not to mention
rocket temperatures.

Unidentified:

About 20 years ago there were some people trying to do some work
on combustion of hydrocarbons. To the best of my knowledge they never
got that far.

Mr. Relly:

There are still a few people doing research on combustion of some
hydrocarbons. There is, specifically, the work of Atlantic Research on
the mechanics of propane-air flames. Here we are trying to learn some-
thing about the combustion of one of the most rudimentary hydrocarbons
vhich we can imagine, when we are actually dealing in our dally work
with the infinitely more complex combustion of very complicated polymers
which we talked about all day.

Unidentified:

It seemed to me that we were way shead of ourselves; we had not
found out about what A was, and we were talking about z.
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Mr. Reily:
Exactly. I agree with you wholeheartedly.

B o:xin0-

Assuming that we had to get into a full mobilization, say, in
about 2 or 3 years from now, what would be the principal solid pro-
pellants and liquid propellants that would be used? :

Mr. Reily:

I would have to confine my answer to solid propellants. I think
that double-base propellants, available for large-scale production,
would be used immediately. Composite propellants, based on Thiokol
(polysuifide and rubber) and polybutadiene -- methyl vinyl ﬂyridine,
copolymer rubber, and polyurethane synthetic rubber -- would be major
propellants. There would also be, on the composite side, ammonium

perchlorate and ammonium nitrate oxidizers used.
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ATTENDANCE LIST

NAME Agency 13 June 14 June
25X1A9a
I CIA X X
AILEXANDER, Cdr. Clyde k. Defense X
ALLISON, Mr. John Defense X X
ARMSTRONG, Mrs. Susan Defense X
BALDWIN, Miss Issbel Ann ICA X X
2§X1A93 CIA X X
BATES, Dr. Fre . Defense X X
BESHERS, Mr. Hugh Commerce X X
BESSIO, Mr. Oscar Defense X
25X1A5a1 BOFFOLA, Mr. Frank Defense X
X
X X
BRITTON, Mr. Keith G. SP X X
BROOKS, Mr. Donald B. Defense X
25X1A9%a CIa X X
CIAa X X
DAVIS, Mr. T. Allan Commerce X X
25X1A%a CIA X X
CIA X
25X1A5a1 SON, Dr. R.E. Commerce X
b X X
25X1A9a Mr., Edmund L. Defense X X
Ccla X
GEORGE, Mr. J. Mishell Commerce X X
- GRANT, Mr. John Defense X X
25X1A9a GREEN, Col. Robert W. Defense X X
CIA X X
CIA X
HARPER, Capt. Talbot E. Defense X X
25X1A9a = CIA X X
HINMAN, Mr. Edmund Defense X X
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NAME Agency 13 June 1k June
HOLIAND, Miss Angel Defense X |
JEFFREY, Mr. Earl Commerce X X |
KEILTY, Mr. John Defense X X
| KELSTON, Mr. leon Commerce X i
‘ ATIC X X |
25X1A9a CIA X :
CIA X X
25X1A5a1 X X
X X
9 X
25X1A9a X X
p X
s Mr. Commerce X
MARTIN, Mr. Charles D. State X
MEYER, Mr. Rauer ;ommerce X X
McMURRAY, Mrs. Gertrude S. SPIA X
MIKAITIS, Mr. Daniel W. Commerce 0 X
‘ NEBLETT, Mr. Herschel Commerce X X
25X1A9a PAUL, Mr. Normen G. g?iAIA " X
ME Mr. Philip Defense X
POMEROY, Mr. Leonard H. State X X
P(IIROWSKI, Mr. Carl Defense X X
RADO, Mrs. Jeannetts State X X
REILY, Mr. P.X., Jr. SPIA X X
RENNERT, Mr. Murray Commerce X
‘ ROY, Mrs. SPIA X
CIa X X
25X1A9%9a CIA X
SCHEIMAN, Mr. William Defense X
m‘ « William Defense X X
aM.r. IcA X X
son Commerce X
TUCKER, Mr. John E. Ica X
VICTOR Mr. Harry Defenge X X
WEIRICH, Mr. Leonard Commerce X
WRIGHT, Mr. Royce MDAC X
WYSKIEL, Mr. Chester Defense X X
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